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i~objectives provided a definition of the possible ways that the tank system could
neutral ize targe ts w it h the 105mm gun , the coaxial machinegun and the .50
caliber machinegun . The objectives also made explicit the behaviors required
on the part of individual crew members during each engagement. Given a
def in it ion of the perf ormanc e domain , two steps were undertaken to aid in the
selection of objectives or exercises that would constitute the model gunnery
test. First , all objectives were systematical ly examined to iden ti f y possibl e
groups or families of objectives that were similar to one another in terms of
the underly ing crew behaviors involved . Families were further analyzed to
generate estimates of the extent to which performance on one gunnery objective
was predic tive of performance on other objectives in the same family. These
resul ts, when coupled with other considerations such as the number of main gun
rounds available for testing , we’re then used to identif y a repr esen tat ive sampl e
of test engagements that would yield information about crew performance on the
entire domain of gunnery objectives.

Issues involved In the generation and interpretation of performance test
scores were also addressed . Four test purposes were identified : crew
qualifica tion , prediction of combat effectiveness , sk ill  d iagnosis and crew
motivation . For each purpose alterna tive scoring strategies were examined and
appropria te procedures defined .
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DEVELOPMENT OF A MODEL TANK GUNNERY TEST

BRIEF

Requirement:

• . To develop a model tank gunnery test that can be used to measure
crew proficiency in neutralizing targets. The model test takes i’nto
consideration different types of target engagements , the behaviors of
the individual crew members that are required and the practical constraints
associated wi th the use of main gun ammunition for testing purposes.

Procedure:

Existing descriptions of M6OA 1AOS gunnery objectives were reviewed
and updated to reflect current U.S. Army Armor School doctrine. The
revised set of objectives provided a definition of the possible ways
that the tank system could neutralize targets with the lO5nin gun , the
coaxial machinegun and the .50 caliber machinegun. The objectives
also made explicit the behaviors required on the part of individual
crew members during each engagement.

Given a definition of the performance domain , two steps were under-
3 taken to aid in the selection of objectives or exercises that would con-

stitute the model gunnery test. First , all objectives were systematically
examined to identify possible groups or families of objectives that were
similar to one another in terms of the underlying crew behaviors involved .
Families were further analyzed to generate estimates of the extent to
which performance on one guniery objective was predictive of performance
on other objectives in the same family. These results , when coupled
with other considerations such as the number of main gun rounds available
for testing , were then used to identify a representative sample of test
engagements that would yield information about crew performance on the
entire domain of gunnery objectives.

Issues involved in the generation and interpretation of performance
• i test scores were also addressed . Four test purposes were identified :

crew qualification , prediction of combat effectiveness , skill diagnosis
and crew motivation . For each purpose alternative scoring strategies
were examined and appropriate procedures defined .

Findings:

• Revisions in the original pool of 225 gunnery objectives resulted
in a net addition of 41 objectives , increasing the tota l to 266. One
hundred and twelve different crew behaviors were identified in specify i ng
the performance requi rements associated with the various objectives .
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Computer aria 1 ys e’. Ot the beha v lot’s tha t u hi t i . t I yes had i n coItino n with
one another permitted the obiectives to t~e grouped into 16 t ami 1 I
Within cacti of these , objectives were then o,’dtred based on the degree to
w h i c h  the.y were representatIv e of the family. ~amp 1 fl(~ of t dull 1105 00 a
proportiona l basis resul ted in the identi f icat i on of :~ e \ e t ’ i i ‘;e~ for i i i—
ci us ion n the mode i qu nnt’ry 1 es t

This sample of test exer cises sa t i s f ied  a number of cr i ter ia considered
cr i t ica l to the des Iqn of an e f fec t ive test .  First , the test conta ined
at least one highl y representative object i ve from each major fami ly,  thereby
providing a basis for inferences about the quality of performance in
each family and by extension the en tire gunnery domai n. Second , the
exercises covered the range of tactical and env i ronmen ta 1 conditio ns
under which engagements may occur . ii ital ly,  the te st e~erc i ses r’eou i red
the c rew to perform most of the 1 1 2  crew behav io rs  asso c ia t e d wi th  gunnery .
Only 10 behaviors were not inc 1 uded in the mode 1 test , and of these , Iii ne
OCCU~ rarely in the domain of 266 obj ect iv es .

The performance data that are genera ted by th e test e\erc I ses can
be used to sat is fy  multiple test purposes. For i.- row qu a lific a tion , a
criterion-referenced scoring approach was adopted . rews mus t perform a
soec if I ed percentage of main gun and iiai. hi ‘regun engagements to the
standards required . The actual percentages used in label I nq crews qualifi ed ,
marginally qual it led or unqual it led a r e set so as to iiiinini:e potential
c lass i f ica t ion  error. A d m 1  lar approach app~ led t o  selected engagements
is also detailed for est im at ing crew effectivenes s in combat. For
inot i vat i ona 1 purposes , normative scor I rig 1 pproiches are suggested , including
USe ut  exist ing point—scor in g system s . inal ly .  for training diagnosis ,
the use of performance profi les is reconnuended . Such prof iles can he used
to isolate spec i f ic  def ic iencies in crew performance is wel l as to ident i fy
shortcomings in the tra in i ng prog ram.

Utilization of Find i ngs:

Crew proficiency in the use of tank weapons is a major goa l of
gunner.y tr aining . The m ode 1 test prov I des trainin g ma naqers with the
i n s t r u m e n t  needed to manage suc h trainin g more eft ec tive lv . The analytic
procedures and the sampling strateqy which evolv ed may also be applied in
the design or revision of similar tests tor other t.~ nk system s in the
inventory . Finally, the model test provi des a sys tematical ly defined set
of criterion measures that can be used to evaluat e prom ising techniques
for simulation —based testin g of tank crews .
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INTRODUCTION
• 

•
‘ As specified in FM 17-12 (1977), gunnery training and testing

for both active and reserve component tank crews consist of three logic-
ally sequenced stages of development. Initially, the focus is on the
individual and the acquisition of pre-gunnery skills. The focus then
shifts to the training of crews in the use of tank weapons to neutralize
a variety of targets. Finally, attention centers on tactica l training in
which tank sections/platoons acquire skill in distributing fire during

• platoon battleruns.

During the second stage of the program , in which crew training
is emphasized , the training content is organized within eight firing
tabl es , each of which consists of several training or testing exercises .
Early tables provide the gunner and tank commander with the rudiments of

• sound technique. Later tables i nvolve the whole crew, training them to
• function as a team in using the tank’s weapon systems, in compliance wi th

latest doctrine, to neutralize targets under a variety of engagement con-
dition s . As the culmination of this stage of training the U.S. Army an-
nually requires crews to demonstrate specified levels of weapons pro-
ficiency while firing Table V III for record .

The exercises comprising Tabl e V III are constantly undergoing
revision in response to chang i ng weaponry and doctrine . In each instance ,
however, the exercises have been selected and developed on the basis of
competent opinions and the judgment of experienced armor personnel who,
realizing that exhaustive testing of crews is impossible because of resource
cons tra ints , have attempted to distill the essence of gunnery into a manage-
able set of test exercises . Similarly, they have devised a variety of scor-
ing systems to provide for differentiation among crews .

Recently, however, there has been a growing interest in revising
both the exercises comprising Table V III and the strategy for its adminis-
tration and scoring . At issue are a number of test-construction questions
concern i ng tes t content, the cost-benefit of alternative test strategies,

• • the amount of data requ ired for decision making and the interpretability
• of test scores, in the final analysis the resolution of these and related

1~
- ___-j~•~~~~~ ~~~~~--~_~~ —~~ -•~~~--~~ -
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issues hinges on two considerations . What aspects of crew performance
should Table VIII address? What uses are to be made of the resulting
test data? Both issues are explored below in the course of developing
a rationale for Table VIII testing . The discussion parallel s that pre-
sented in more detail elsewhere (Wheaton , 1977).

TEST CONTENT OF TABLE VI II

As described above, tank gunnery training is sequenced into a
series of stages. Progression through the program is dictated , at least
implicitly, by a number of hurdles placed at the end of each training
phase. In order to proceed to crew gunnery training , for exampl e, the
individual crewman must first pass a series of go/no-go test exercises
comprising the Tank Crew Gunnery Skills Test (TCGST). Similarly, upon
completion of the crew gunnery phase of training , each crew must demon-
strate a specified level of proficiency on Tabl e VI II before participating
in platoon training exercises. What aspects of gunnery performance should
Table VIII address? The answer depends on how one defines the domain of

• performance subsumed under the rubric of tank gunnery .

• At its most basic level , gunnery must include ~‘marksmanship”--
the ability of the crew to neutralize targets under a variety of engage-
ment conditions within a reasonable amount of time . The content and method
of scoring most current Table V iii’ s indicate that they certainly strive
to measure marksmanship .. In fact, the crew gunnery standard s specified
in FM 17-12 (1977) reflect this basic kind of performance for M60 series
tanks as follows :

o Given an M60-series tank moving 12-15 mph , main gun
loaded and laid no more than 150 off target, range
and ammunition indexed (1,000 meters/HEAT or 1 ,600

‘meters/APDS), engage an armor-type target, using
battlesight, within 5 seconds during daylight, and
within 10 seconds during darkness under artificial
illuminat lon. * As a minimum, a target hit should

* When white light illumination is used , daylight scoring times will be
used .

• • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~
• -



be obtained within 10 seconds during daylight and
within 15 seconds at night at ranges to battlesight

• range.

o Given an M60-series tank movin g 12-15 mph , main gun
loaded and laid no more than 150 off target, engage
an armor-type target, using precision fire , within

• 10 seconds during daylight , and within 15 seconds
during darkness under artificial illuminat ion .* As
a minimum , a target hit should be obta i ned within 15
seconds during daylight and withi n 20 seconds at night
from battlesight range to 2,500 meters .

o Given a moving or a stationary hulldown , M60-series
tank , the crew will adjust, fire a second round, and

• obtain a target hit within 5 seconds of a first-round
miss.

o Given an M60-series tank , the crew will engage a
troop-type target , at a range not exceed i ng 1 ,600
meters, using the caliber .50 machinegun , or 900
meters using the coax machinegun , within 5 seconds during
dayl ight , and wi thin 10 seconds during darkness under
artificial illumin ation .*

o Given an M60-series tank and a range card previously
made by the crew, the crew will re-position the tank
at night , and , using range card data , hit targets within
5 minutes of reaching the referenced position.

o Given an M6O-series tank mov i ng no more than 15 mph and
a fire command , the crew will engage a lightly-armored
vehicle or aircraft with the caliber .50 machinegun
within 10 seconds during darkness under artificial illu-
mination. *

With respect to basic marksmanship, therefore, proficiency test-
ing in Table V II I involves the systematic application of the standards
cited above to hit/miss and engagement time raw da ta . A main gun engage-
ment in which a hit is not obtained is regarded as a failure and scored
as zero (0). When a main gun hit is obtained , the engagement is regarded
as a success and scored as one (1) if: the first round is fired within

* When white light illumination is used , daylight scoring times will be I
used.
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• the prescribed time , and the hit is secured within the designated time ,
and the second round , if needed , is fired within the interval allowed .
Machinegun engagements would be similarly scored in terms of target hits
and engagement times.

Other current Table V ill ’ s attempt to go beyond basic marksman-
ship (USAREUR Reg . 350-704, 1976), providing for the inclusion and scor-
ing of such tasks as the selection of the most threatening target from
among multiple targets, choice of an appropriate method of engagement ,
and target acquisition , as well as more peri pheral components such as
effective use of existing terrain for cover and concea lment. In these
Table V I1I’ s interest lies in testing such factors as tactical decision

• making and planning in addition to marksmanship. Three problem s are as-
sociated with this approach.

The first problem lies in the inextricable intermingling of the
marksriianship and decision -making components in the scoring of crew per-
formance. If, for example , a crew fails a given exercise , is it because
they can ’t shoot or because of faulty decision making , such as engaging
the targets in the wrong order? When a single engagement is used to niea-
sure performance on a compound criterion , failure cannot clearly be at-
tribu ted to one or the other of the components of the criterion. In keep-
ing with the sequential nature of the training program , two separate tests
of crew proficiency would seem desirable. The first would focus on marks-
manship, and provide test results unambiguously determ i ned by marksmanship
ability . Once adequate marksmanship is demonstrated , the second test
would deal with the tactical decision -making component. Even if the second
test involves marksmanship, failure may be unambiguously related to de-
cision making since satisfactory marksmanship ability has been previously
demonstrated .

This is not to say that Table Vii! testing of marksmanship should
be accomplished in the sterile and unrealistic environment of the shooting

• gallery . Similarly, the argument is not intended to preclude measures of
crew tactical decision making when such can be obtained . Rather , it is

A 
•
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being suggested tha t unconfounded estimates are needed of a crew ’s ability
to “put steel on target. ” For the purposes of this research it is assumed
that Table VI II must provide such estiiiiates by focusing on an evaluation
of crew marksmanship. * Tactica l decision -niaking components can also be
incorpora ted and scored (e.g., by including multiple -target engagements),
but their inclusion must not interfere with the primary objective of as-
sessing the crew ’s marksiiianship proficiency.

The second problem wi th the compound emphases of current Table
Viii ’ s ~s related : By allowing a crew to select , for example , the method
of engagement, the usefu l ness of obta i ned marksmanship data on these exer-

• cises may be devalued . If a crew decides to engage a target using an in-
appropriate (i.e., contrary to doctrine) or less than optima l method ,
little information about marksmanship is gained whether the crew hits or
misses. If the target is missed , was it because the crew lacked proficiency
in the method of engagement selected ( i .e. ,  failed due to a lack of marks-
mans hip proficiency) or because the method selected was inadequate for the
engagement situation? Even if a hit was achieved , no i nformation about
the crew ’s ability to carry out a specific engagement method of interest
would be obtained , unless they fortuitously selected that method . If the
choice of engagement method were restricted , information regar d ing hits
would be more useful , but this would provide a very poor test of decision
making . This leads us to the third problem .

This problem is equal ly compelling . To assess tact ical decision
maki ng adequately one would probably argue for a test of crew proficiency

* In fact, the test of c rew marksmanship described in this report could be
adm inistered immediately upon completion of Table V I , the last gunnery
training table which strictly addresses marksmanship. In this case , the
use of comparable test i tems in any later table would be unnecessaril y
redundant. Future organization of sets of gunnery tables might , there-
fore , be designed to test marksmanship (e.g., a new kind of Table VII ,
based on this project), and then to train (e.g., a new kind of Table V iii) 

•

and test (e.g., a new Table IX) tactical decision makin g as distinct from
marksmanship.
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which occurs in the most realistic tactical setting imag inable within ex-
istin g technologi cal and cost constraints . Such a table would probably
consist of engagements in whi ch crews were free to conduct the exercises
as they saw fit. That is , who fired , the method of engagement used , the
range to target accepted , the fire control instrument selected , the order
in which targets are engaged , etc., would be left to the discretion of
each participating crew. Such freedom would be desirable and entirely
consistent with a test of tactical decision iiia king .

Were such exercises to comprise a Table V III test of crew gun-
nery, however, one would be hard pressed to contro l the test, thereby
insuring tha t each crew fired the same exercise in the same manner . The

delivery of a prescribed and unvary i ng set of exercises is crucial if one
is to characterize crew marksmanship across a broad range of conditions .
Without such rigid specification of the condition s of engagement, crews
would presumably elec t to engage targets usin g only those techniques with

which they were most prof icient , whether the s i tuation cal le d for those
methods or not. Not only would this bi as contribute to variation in the

test i tem, but it would also make difficult the testin g of backup or other
methods of engagement lying within the capabi lities of the weapon system .
These three problem s can he minim ized in a Table V III which deemphasizes

tactical decision making and concentra tes instead on the b a s i c  aspects  of

gunnery associated w it h marksmansh ip.

PURPOSES OF TABLE V III

Table V III must be designed in both content and scoring proced-

ures to serve multiple purposes . The four that are discussed below in-
clude: crew qualification , skill dia gno sis, prediction of comba t effec-

tiveness , and crew motivation. Much of the ensu i ng discussion is para-
phrased from a related report (Wheaton , 1977).

- b —
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Crew Qualification. One reason given for annual exposure of

tank crews to Table VI II is crew qualification . In one sense qualifi-
cation implies eligibility to parti cipate in subsequent training exercises
at the platoon or company level . In another it suggests that a qualifi ed
crew is one which is comba t ready , either capable of entering into combat
or , once in combat , capable of succeeding . In still another sense to
qualif y means to be fit , to exhibit a required degree of ability . This
last definition is basic and , in fact , underlies the two preceding usages .

To qualify in tank gunnery a crew must reach or exceed a certain
level of proficiency . Within the marksmanship context of tank gunnery ,
the concept of “a certain level of proficiency ” assumes two vitally impor-
tant but different meanings. First , on any given engagement, crew per-
formance must equal or exceed generally agreed upon standa rds of proficien-
cy. Seco nd, the crew must demonstrate its capacity to meet such standards
on a large proportion if not on all of the engagements constituting the
realm of marksmansh ip. A simil ar dualism is noted in the TCGST in whi ch
the performance of each task is required to equal or exceed specified stan-
dards , and this level of performance is demanded for every task in the test.

Quali fication on the Table V II I described in FM 17-12 is based

on the crew ’s performance in neutralizing 11 standard targets which are

engaged during the day (VIllA) and again at night (VIIIB), but in a dif-
ferent sequence. Twelve of the 22 targets invo l ve main gun engagements ,
each of which is worth a maximum of 100 points; the remaining 10 mach ine-

gun engagements are weighted half as heavily, each being worth a maximum

of 50 points. Add itional points for the use of terrain and conservation

of ammunition raise the total possi ble score to 2000. In order to qualify ,
a crew must accumulate a minimum of 1400 out of the possible 2000 points

(i.e., it must score 70% or better).

But with respec t to the concept raised earlier of “a certain

• •

• 
level of proficiency” , what does a score of 1400 or 70~ mean? Perhaps
the answer can best be given by considering three hypothetical crews who
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qualif y wi th the fairly similar scores of 1400, 1484, and 1468 as shown
in Table 1. Obviously, the three crews are anything but similar. The

• first crew (1400 points) qualifi es in spite of an apparent inability to
neutralize targets at night wi th the main gun. The second crew (1484
points) qualifies without getting a single point for a machinegu n engage-
ment . The third crew (1468 points) also qualifies but fails to perform
a single main gun engagement within the specified crew standard time
limits : It is clear that the point scoring system which is used permits
qualification even though individ ua l engagements are not performed to
standards, and even though ability to perform large segments of tasks in
the marksmanship domain is in doubt.

Qualification on the USAREUR Table V II I (USAREUR Reg . 350-704,
1976) is determined on the basis of crew nerformance during 16 engagements.
Ten of these are fired during the day (VillA) and six are fired at night
(Villa). Eleven involve the main gun and five are fired with the machine -
guns. In order to qualify , a crew must satisfy four separate criteria:

1. at least seven of the 11 main gun targets must be
hit (64%), and

2. at least five of the 11 main gun targets must be
hit with the first round , and

3. opening time must average 20 seconds or less over
the 16 targets, and

4. all machine gun point targets must be hit and all
area targets must receive 3/5s coverage.

This approach , which represents an instance of cri terion-
referenced testing , provides a summary score having more meaning than the
point score discussed above. We know that qualified crews are able to
hit all point inachinegun targets, provide at least 3/5s coverage on ma-
chinegun area targets, hit at least 64% of their main gun targets (45~ •

with the first round ) and open fire within an average of 20 seconds. This
kind of information is much more directly interpretable in terms of “a

• certain level of proficiency .”

- 8 -
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From the foregoing it is clear that a criterion-referenced
testing approach is needed in order to determine whether crews are
qualified in tank gunnery . Raw speed and accuracy measures would be
evalua ted against specified performance standard s on an engagement by
engagement basis. The crew ’s resultant qualification score would be
interpreted as having some sort of absolute meaning such as degree of
mastery of all of the engagements constituting marksmanship. This score
would be interpreted totally independent of the performance of any other
crew.

Skill Diagnosis. Another purpose in determining crew weapons
proficiency in Table VI II is to identify those exercises on which crew
performance is not up to standa rds . When focusing on individual crews
such information may suggest specific weaknesses and lead to the pre-
scription of particularly germa ne remedial training . When these data
are aggregated across units they may permit diagnosis of deficiencies
(and strengths) in the training system itself.

The test used to support crew qualification can also be used
for diagnostic purposes. Raw score speed and accuracy measures would be
examined in terms of the standards specified for each engagement . A
variety of crew and cre~nan procedura l variables could also be utilized .
Performance would be characterized in terms of a profile of the ind i-
vidual engagements with specific weaknesses being keyed to particular
combinations of the conditions defining the engagements .

• Prediction of Combat Effec ti veness. Another reason , often im-
p licitly given for assessing crew weapon proficienc y on Table V III , is
prediction of crew combat effectiveness. Although usually couched in
such terms as comba t readiness or preparedness , the focus seems to be
on probability of success in combat. The usual approach is to identify
engagements that are highly probable in comba t or in some sense are es-

• pecially important or critical. The persistent and pervasive notion is
that if one can determine how well crews perform such exercises within
the context of Table V III , one can then make predictions about their
performance in combat.

- 11 - 
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At best, exercises inc luded wi th in Table V I I I  may permit l i m i t e d
inferences of this type . For example , if crews can perform to standard on
partic ularly combat -critical engagements , they may be more likely to suc-
ceed than crews that perform fewer of the key exercises satisfactorily.
Actual success in combat , however , will also be dependent on other types
of proficiency such as tact ical  decision making and the abil i ty of crews

• to function as members of the platoon .

For this application exercises might be singled out from, or
added to, those comprising the qualification test described above. This
subset of “combat-related” engagements could then be scored separately.

Crew Motivation. A final purpose for evaluating crew weapon
proficiency is to use the obtained scores to differentially reward crews
on the basis of their performance. Such motivationa l devices generate
healthy competition and appea r to have a posit ive effect on morale.

The scoring approach which is relevant in this case is based
on norm-referenced measurement. A given crew ’s performance is scored
and evaluated in terms of how it compares relative to the performance
of other crews. In a later section of this report, consideration is
given to the kinds of performance which should be used as a basis for
comparison , how that performance should be scored , and what aggregation
procedure is to be used to generate a summary score for each crew .

In summary, it is essential tha t tank c rews receive training
and practice that maintains their gunnery proficiency at high levels.
As part of this program it is also essential that crews be examined
periodically to determine their level of competence , and to diagnose
aspects of their performance in need of further enhancement. In addition ,
there is interest in attempting to forecast their comba t readiness , and
in differentially rewarding truly superior gunnery performance.

To accomplish one or more of these ends a variety of Table VIII’ S
• has been developed . Different commands have used alternative ar-mroaches

in developing the tables , tailoring the component engagements to their own

1’
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probable combat situations and using a variety of scoring procedures .
Each of these approaches has its strengths and each has its weaknesses .

Consideration of the USAARMS and USAREUR Table V Ill’ s serves to
highlight the alternative tests which have been developed for the e v a l u-
ation of gunnery proficiency . One uses engagements having characteristics
which are readily specifiable and controllable in a testing sense. The
other employs engagements which are more flexible but which are harder to
manage from a testing point of view . One uses a scoring system which
stresses fine discrimination among crews on a relative basis. The other
tends to characterize performance in terms of wha t crews can and cannot
do. In the fina l analysis the relative utility of either Table V III (or
of any other table for that matter) depends upon the uses that are to be
made of obtained test data. The discussion above has explored four such
uses , each of which has implications for selection of engagements , speci-
fication of performance measures , and development of scoring procedures .

PURPOSE OF THE RESEARCH

The research described in this report represents the first

• phase of a larger program which is concerned with the development of
cost-effective techniques for evaluating tank crew weapons proficiency .

• As described above , the first phase is concerned with the recommendation
of candidate tasks for inclusion in a new or modified Table VI II gunnery
test, together with associated scoring procedures . Given a valid live-
fire criterion test known to yield reliable measures of gunnery ability ,
a subsequent phase of effort will examine the feasibility of using simu-
lation techniques as cost—effective alternatives to live — fire testing .

In undertaking the design of a model Tab le  V III a great dea l
of attention was given to the issues of test content and purpose. ~s a
consequence, the objective finally adopted was development of a Tabl e V I I I
which would serve multiple purposes. However, in striving toward this
goal it was realized from the outset tha t multiple purposes of the type
described above could probably never be perfectly served by a single
testing instrument. In the fina l analysis it was decided that this goa l

.4
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might be most nearly realized by designing the Table VII I to be optima l
for crew qualification . Given the basic set of exercises needed to sup-
port this kind of test, the other uses could be accommodated by incorpor-
ating different but interrelated scoring approaches , and , in some cases ,
adding a few exercises sensitive to issues other than qualification .

In the rema i nder of this report the test development approach
is described and the resulting model Table VI II is presented in detail.
In the next section the concept of a gunnery domain of performance is
introduced . This notion is used to explore the need for, as wel l as al-
ternative approaches to, the sampi ing of gunnery performance. Subsequent
major sections then deal with the actual specification of test items for
inclusion in Table V III , an elaboration of alternative scoring systems
and a discussion of considerations during implementation of the model
Table V II I . In each of these presentations an effort has been made to
avoid technical exotica; when unavoidable , they are treated in appropri-
ate appendixes.

- 14 -
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ITEM SAMPL I NG STRATEGIE S

The primary purpose of the model Table V III is to determine
whether a tank crew can satisfactori ly perform those gunnery tasks which
might reasonably be expected of them. The first step in refining what
aspects of gunnery would or would not be covered in such a test lay in
the decision to emphasize crew marksmanship as opposed to tactical de-
cision making . The second refinement was to define the nature and range
of the activities subsumed under the term “marksmanship. ” For purposes
of the present effort the area or domain of performance termed marksman-

• ship was to include all ways in which crews could neutralize targets

• within the constraints of current A rmy doctrine and within the capabili-
ties of the M6OA1AOS weapon system .

Each of the possible ways in which crews can neutralize targets
• may be referred to as a job objective , that is , a componen t of the more

genera l job of “tank gunnery .” Developing the pool of job objectives
permits one to operationally define the content domain of the test. Hav-
ing specified the domain of concern , it is then fair to ask whether a
crew can successfully accomplish each of the constituent job objectives .

The goal in all test development efforts is to answer this
question by selecting a set of i tems from the domain that best predicts
performance on the entire domain within existing cost and other constraints .
(If cost were not important , there would be no need to sample i tems. All
subjects could be tested on the entire domain of job objectives.) The
task of selecting objectives from a domain for use as test i tems can be
accomplished in many ways. Ultimatel y though , the decisions about how to
choose i tems will be made on the basis of considering cost and the purpose
of the test. The methods for test development used in this project were

chosen after consider i ng the following possible bases for selecting items
• . from the domain of gunnery job objectives :

1. Random sampl i ng s J2. Frequency of performing the objectives on
the job,

3. Performance data ,

- 3 -
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4. Genera lizab ility of the obje tive , or
“conununality ” with other objectives in
the domain , and

• 5. Criticality of the objectives.

The following disc u ’~sion of these considerations has been liberally adapt-
ed from materia l presented in an earlier working paper (Boldovici , Whea ton ,
& Boycan , 1976).

RANDOM SAMPI I NG

Since the goa l ot gunnery training is to promote mastery of all
objectives in the job domain , a mastery test could be devised by randomly
sampling objectiv es from the domain . The reasoning for this approach
follows the Just ification for random sampl i ng of subjects in preparing
experimental des igns. Just as the performance of .i randomly const i tuted
sample of subjects in an experiment wi l l  approximate the performance of
the (untested ) entire populat ion , the performance of a crew on a random
sample of job objectives will he an estima te of their performance on the
entire domain. The obvious advant age of such an approach is in test
secur ity . Very large numbers of alternate forms of the test could easily

be devised , even to the point of havin g a different form of the test for
each group of test-takers. The use of random samplin g also would eliminate
problems associated with “teachin g the test .”

The main di sadvantaqes of random sampl i nq (or of other sampl m g

methods that would result in differ ent performance tests for different

crews) are two-fold. The f irst is that because of range fac i l i t y  limita-
• tions it would not be possible to administer al l the test exercises that

might be sampled . The second is the difficulty whic h thi s approach crc-
ates when address l ug  the other testing purposes . t~t’caust ’ each crew would
receive a dif ferent set of items , ski l l  diaqnos is , whil e feasible on a crew-
by—crew basi s , could not readi ly be e\tended to an evaluat ion of the overall
trainin g program. To the extent that predictions of comba t ette ctiveness

- 16 -
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depended on testing certain key or benchmark objectives , one would be at
the mercy of the draw . Finally, relative appraisal of crews would be dif-
ficult if not impossib le because of the lack of a coninon set of test items .

One could of course approach random samp ling from a slightly
different direction in order to dea l with some of these problems. The
alternative would be the random drawing of a single set of exercises.
The primary advantage of this approach is its simplicity --drawing the single
random sample is straightforward , and is easily performed anew at any time
in the future when the domain might be reconstituted . Further , unlike the
random alternative forms approach described above , comparison of crews is
straightforward .

In spite of the apparent attractiveness of one or more variants
of random sampling , its chief disadvantag e is that it lacks power. It
ignores information potentially available abou t the relationships among
objectives, and therefore its ability to predict performance for the entire
domain is weakened . This corresponds to the distinction in the development
of experimental designs between pure random sampl ing , and blocked sampling .
If the population to be sampled can be subdivided on the basis of a prior i

information or variables which may be relevant to the des i red performance
data , the statistica l power of the sampl i ng design may be improved by di-
viding the sample appropriately prior to sampling . As will be seen below ,
a great dea l of information can be assembled abou t the domain which , when
uscd to assist in the selection of job objectives for testing , can greatly
improve the efficiency of the model Table V III .

FREQUENCY OF PERFORMANCE

Frequency of task performanc e is an easily obtained and some-
times interesting measure. The problem is that equally tenable cases can
be made for Including high-frequency and low-frequency tasks in tests .
How the measure would be used in test design is, therefore, not clear.

The case for includ i ng high-frequency tasks in tests hinges on
the relation between frequency of task performance and importance: If
task V is the most frequently performed part of Job X , then task V is in

- J
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a litera l sense “Important ” to the performance of Job X. If one accepts
the propositions tha t frequency of performance is Indica tive of task im-
portance, and tha t i tem selection should be made on the basis of task im-

• portance , then one would design tests tha t measured frequently performed
tasks.

The case for inc l uding low-frequency tasks In tests is just as
easily made. The most frequently performed tasks may be the least diffi-
cult of job tasks, may not be qeneralizable with respect to other tasks

• in the domain , and may not even be necessary for effective job performance.
And inasmuch as a high frequency of task performance on the job may

• 1 guarantee eventual mastery of the task , one could argue that testing re-
sources should not be expended for eva l uating such tasks; that is , assum-

• ing tha t testing resources should be expended in ways that will yield
• maximum information abou t the extent to which a job has been mastered ,

then the expend i ture of resources on measuring the performance of tasks
whose mastery is highly probable is unwarranted . One would therefore
design tests tha t measured infrequently performed tasks .

After explor i ng both of the positions presented above, we con-
cluded that frequency of task performance has no clear implications for
design of a Table V III primaril y concerned with crew qualification.

Were the primary thrust one of forecasting crew comba t effect-
iveness , the first argumen t presented above (i.e., the more frequently
performed tasks are the more important tasks) would be of relevance.
However, it would be diffic ult to genera te estimates of the relative
frequency of performance of specific gunnery objectives since the con-
text would be in the future , in combat, and specific to a particular
theater of operations. Nevertheless , such information might be of use
in pinpointing gunnery objectives tha t could serve as benchmarks of comba t
gunnery , thereby supporting estimates of crew effectiveness.

PERFORMANCE DATA

Traditional test-development methods could be used for develop-
ing a domain-referenced test. Task diffic u lty and per formance variability

— l~ —
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would play a role in item selection , producing a test capable of making
fine discriminations among the scores of various crews. Such an approach
would begin by collecting repeated measures of actual live-fire perform-
ance on all items in the gunnery domain. The data would then be subjec-
ted to an item analysis , and sets of items would be identified for in-

• 

• 

clusion in Table VIII which best predicted total scores on the entire
domain. The particular set selected would depend on the trade-off in
predictive power and the cost of administering each set.

There are several problems with this approach. The first is
• that available resources simply do not permit obtaining the necessary

repeated measures on the multitude of gunnery objectives presumably cam-
prising the domain. Second , where this approach would support skill
diagnosis and the relative assessment of crews, it would provide estima tes
of combat effectiveness only to the extent to which key or benchmark ob-
jectives were found in the predictor set of i tems. Finally, while t~iis
traditiona l approach is ideally suited to performance measurement or
estimation in a norm-referenced sense, the primary concern of the model
Table V II I is crew qualification , an issue to be resolved with a criterion-
referenced test. In this criterion-referenced approach , one addresses the
binary issue of mastery for each objective. Arriving at an estimate of
crew qualification requires concentrating on comprehensiveness , or when com-
prehensiveness cannot be achieved (due to unacceptable costs), on item
“genera 1 izabi 1 ity .”

GENERALIZABILITY

There is a problem posed in the preceding section . On the one
• hand , item generalizabi lity is precisely what empirica l methods such as

i tem analysis are designed to establish. On the other hand , the use of
item analysis wi th empirically collected performance data must be ru l ed
out as too ex pens ive. Nevertheless , genera lizability remains an essential
criterion for i tem selection if performance on the test is to be predict ive
of performance on the entire domain of job objectives . The solution to
this problem is to develop ind irect methods for estimating the generaliz-
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f
ability among job objectives , and to employ these estimates in place of per-
formance-based measures.

CRITICALITY

An additional way of prioritizing job objectives for inclusion
in a test of tank gunnery is on the basis of criticality . For example ,
one approach might be to describe the criticality of objectives in terms
of the threat which the target situation represents for the crew. The
selection of test items on this basis would be defensible were one primar-
ily interested in using Table VIII to predict effectiveness or success in
combat. Crews would be tested on those objectives representing the most
threatening conditions, that is , those on which their own survival hinged .
However, the use of a criticality sampling criterion could wel l be at
odds with other test purposes , including crew qualification and skill
diagnosis.

Even if one were to opt for a Ta b le V III optimized for the pre-
diction of combat effectiveness , one would still face a formidable challenge
in translating the concept of criticality into actual weights that could
be used to pr i oritize objectives. Expert ratings of criticality are
notoriously unreliable (Sniode, Gruber , and Ely, 1962). Comparison-type
ratings , for instance of target threat , usually are more reliable , but
are very costly to generate when the number o~ i tems to be compared is
large.

An alternative approach would simply be to redefine the domain
of marksmanship objectives , inc l ud i ng only those objectives , for example ,

• I that reflected primary methods of engagement, or main gun engagement of

• tank targets . A significant pena l ty would , of course, be exacted for
doing so. The exclusion of non-critical objectives would seriously hamper

efforts to determine a crew ’s mastery of the larger , overall domain of

gunnery .

SUMMARY

Three of the sampling strategies discussed above could be used

to prioritize objectives for inclusion in a Table V III : frequency ,
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criticality , and generalizabi lity. (The fourth approach, based on empiri-
• cal and traditional test-construction methodology , is not practical In the

present situation.)

Assum ing that all three weighting schemes were equally plausible ,
which they are not, how would they be used to prioritize objectives? Con-
sider for instance , the following example in which an eight-objective do-
main is portrayed and criticality , frequency, and generalizability weights
have been established for each obj ective--higher values representing more
desirable items .

Job Objective Generalizabi lity Criticality Frequency Sum
• 1 8 3 1 12

2 7 4 2 13
• 3 1 1 8 10

4 2 2 7 11

5 3 8 3 14
6 4 7 4 15
7 6 5 5 16
8 5 6 6 17

Suppose one wanted to construct a two-item gunnery test from
the candidate objectives. Were one to draw items to satisfy the general-
izability criterion , objectives 1 and 2 would be chosen . Similarly, in
maximizing criticality and frequency one would choose objectives 5 and 6,
and 3 and 4, respectively. Each of the three tests developed in this
manner would satisfy one selection criterion optimally (e.g., 5 and 6
would be the most critical objectives) but would fail to optimize the
others (e.g., objectives 5 and 6 are neither the most genera lizable nor
the most frequent obj ectives ). One could of course , elect to use a corn-

posite weight , such as the sum of the three values generated for each
objective. In this case he risks failing to represent any single criterion
optimally (e.g., he chooses objectives 7 and 8).

It is clear , therefore, that testing purposes must drive the
selection of appropriate sampl i ng strategies , and that when considered
simultaneously, these may lead to the selection of sets of test i tems
which at best partially overlap and at worst are mutually exclusive.

• The result will either be a series of different but optimal tests, or a
single test which is in no sense optimal.
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As a l ready stated, the primary purpose of the model Table VIII
under development in this project was crew qualification. In light of
the problems discussed above , It was decided to use generaliza bility as
the primary way of prioritizing objectives for selection of test items .
Other testing purposes were to be served by modifications of scoring
strategies or the addition of supplementary objectives . In the following
sections the method of carrying out this item sampl ing strategy is de-
scribed.
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SELECTING OBJECTI V ES FOR A MODE L TABLE V I I !

Given rationa les for the purposes of Table V III  testing , and
identification of the genera l performance domain of primary interest ,
attent ion turned to the problem of selecting those items which would con-
stitute the Table V l1 I  test. As described below, four steps were in-
vo lved in the item-selection process. First, a specif ic domain of per-
formance was identified which served to define the crew job-objectives
compr ising tank gunnery . Second , the behaviora l details of crew members’
ro les in each obj ective were elaborated . Third , relationships among job
objectives compr ising the domain were examined as a basis for selecting
objec t ives for Table VII I .  The fourth and fina l step was to draw the
samp le of test items .

DEFINITION OF THE DOMAIN OF TANK GUNNERY

Initial specification of the domain of tank gunnery was based
on a list of 225 job objectives reported by Kraemer, Boldovici , and Boycan
(1975). In keeping with the emphasis on crew marksmanship, these objec-
tives defined all possible ways that a variety of targets could be neutral-
ized with the main gun , coaxial machinegun , and .50 caliber mach inegun
weapons of the M6OA1AOS tank system .

The description of each objective in the pool of 225 consisted
of three components: a conditions statenient , a task statement, and a
standards statement. A typical objective was:

Given (a) a stationary M6OA1AOS tank with the main gun
battlesighted with SABOT or HEAT , (b) an operational
gun ner ’ s day per iscope , and (c) a stationary tank or
light-armored vehicle target that is visible at less
than 1100 meters without artificial light at day or
night; the gunner will open fire wi thin 7 seconds of
the alert element of the tank commander ’s (IC ’s) com-
mand , and neutralize the target wi thin 12 seconds ,
us ing no more than two rounds.

• Each of the objectives was written in the form of the example

cited above. The task and standards components of the objectives were,
• in all cases,
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.open fire within seconds of the alert.
and neutralize the target within seconds, using
no more than rounds .”

Objectives for inclusion in the pool were formed by combining
levels of 11 conditions associated with hypothetical engagements and at-
taching these combinations to the task and standards statements . The 11
conditions were: crew member firing , weapon , fire-delivery method , firing
vehicle motion , target motion , target type, target visibility, target

• range, day vs. night firing , fire-control instrument , and anwiunition .
The levels within specific conditions are listed in Table 2

Several sets of revisions were made in the 225 job objectives
defined by Kraemer, Boldovic i , and Boycan (1975). The revisions were
undertaken to reflect emerging gunnery doctrine , and in response to a
series of rev i ews by the project staff and by the staffs of the Weapons
Department of the U.S. Armor School and the Directorate of Training De-
velopments, Fort Knox , Kentucky . When deciding whether to modify , delete,

• or add an objective the reviewers were guided by the capabilities of the
M6OA1AOS weapon system and current doctrine and not by what kinds of en-
gagements form the basis of training or by what engagements are typicall y
fired . For example , the original pool of objectives inc l uded precision
engagements fired from moving tanks. Current doctrine dictates , however ,
that the firing vehicle will come to a brief halt prior to engaging
targets in the precision m ode. Thu s, in order to update the domain in
accordance with this doctrina l change , precision engagements fired on-
the-move were redefined to be fired after moving to a halt. Other changes
in doctrine led , for example , to the deletion of coaxial machinegun engage-
ments fired in the precision mode , as wel l as main gun engagements fired

by the tank coninander (IC) at night wi th the aid of his metascope. Still
other objectives were added to the origina l pool to reflect possible en- 

• 

•

counters with aircraft targets , mov ing targets in range-card-lay-to-
• 

• 
direct-fire engagements, etc. Collectively, these revisions resulted in

a net addition of 41 job objectives , increasing the pool from 225 to 266.
The complete set of job objectives is inc l uded in Appendix A.
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BEHAVIORAL DESCRIPTION OF THE DOMAIN -

Once the job objectives forming the gunnery domain had been
defined in terms of system capabili ties and doctrina l constraints , the
next step was to characterize each job objective in behavioral terms .

• 

• 
This step was underta ken to provide a basis for estimating the extent to
which performance on any given objective would be generalizable to or
predictive of performance on any other job objective or on the domain as
a whole. Ultimately, this generalizabi lity could serve as a basis for
i tem selection in the model Table VI I I.

In traditional test development exercises the problem of i tem
gen era li zab i lity is handled by actually obtaining repeated measures of
performance on each candidate test i tem from a large sample of subjects.
Item analyses are then performed using the empirically obta ined perform-
ance data , and subsets of i tems that best predict performance on the en-
tire domain, for a given cost, are identified . Because available re-
sources did not permit col l ection of repeated measures of live-fire per-
formance on each of the 266 candidate job objectives , a rational approach
was devised for establishing the generalizability from one objective to
a~,o~:her. The validity of this approach rests on the assumption that the
more “task elements ” or “behavioral steps” an objective has in common with
other objectives , the greater will be the communality among the objectives ,
and the greater will be the probability that performance on the one ob-

• jective is predictive of performance on the others . For example , if it
can be shown that firing battlesight at 1000 meters has more behavioral
steps in coninon with (1) firing battlesi ght at 1200 meters than with (2)
firing the .50 caliber machinegun at 1000 meters, it is assumed that the
battlesight-l000-meter engagement will be more predictive of engagement (1)
than of engagement (2). Furthermore, given that communality between a
task and the entire domain could be derived , it is assumed that a task
with high “domain communality ” would be more representative of (or pre-
dictive of) performance on the entire domain than one with low commu nality . •

To provide the data needed for the analysis of behaviora l conrun-
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ality among objectives , detailed descriptions of the activities of each
crew member (i.e., tank commander , gunner , driver , and loader) were de-
veloped for each of the 266 tank gunnery job objectives. Members of the
project staff who were subject-matter experts listed the behaviora l ele-.
inents for each crew member invol ved in each job objective. Examples of
behaviora l elements are: “Loader announces ‘Up ’” , “Gunner indexes HEP” ,
and “Gunner levels bubble. ”

Cer ta in  “system state” assumpt ions  had to be made ear ly in the
analysis in order to achieve consistency in specifying which behaviora l
elements were and were not included in each objective. If the weapons
were assumed to be loaded, for example , then the behaviora l elements
involved in a target engagement would be different from those that would
be involved if the weapons were assumed to be unloaded . Specifying the
ground rules under which the analys is would occur began with two sets of
assumptions :

1. If the target to be engaged is visible without
artificial illumination , then the firing vehicle

• will be in the battlesight mode, in which all
weapons are loaded and SAFED , and the firing
switches are OFF. The turret power, computer,
primary direct fire control instruments , main
gun stabilization system are ON; and the cali-
ber fifty machinegun rate of fire selector
switch is in LOW . Depending on type of target
being engaged , the appropriate amunition is
indexed into the computer and the corresponding
range is indexed into the rangefinder (e.g.,• 1100 meters for HEAT and 1 600 meters for SABOT).

2. If the target to be engaged is not visibl e under
any circumstances or is visible only if artifi-
cially illum i nated, then the firing vehicle will
be in the range card mode , in which a range card
has been made out for HEP am m u n i t i o n , the m a i n  gun
-is not loaded , and the brakes are loc ked . The ma-
chineguns are fully loaded and all weapons are
SAFED . The turret power , computer , primary f i r e
contro l instruments , main gun stabilization system ,

• and the firing swi tches are OFF.

• II
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Assumptions had to be made in addition to those cited above.
These other assumptions , which pertain to weapons , rang ing , fire control
instruments , firing vehicle and target motion and range , are presented in
Appendix B.

The system-state assumptions discussed above pertain to condi-
• tions that exist during and shortly before target engagement. Assumptions

also had to be made abou t the termination of target engagements.

Recall that the job objectives do not specify whether a first-
or second-round hit is to be achieved . The possibility of accomplishing
a job objective in more than one way (i.e. , neutralizing a target with
the first or second round ) presented a probl em for the present analysis,
because the number and kinds of behavioral elements in any job objective
will differ depend i ng on whether or not a first-round hit is achieved .
The obv ious way to solve this problem is to assume either that all en-
gagements will terminate in a first-round hit, or that all engagements
wi l l result in a first-round miss followed by fire adjustment and refiring .
Because neither of these assumptions is consistent with the results of

• real target engagements, we were reluctant to adopt one or the other; and
since no a priori compromise was apparent, two data matrices were gener-
ated--one which identified the task elements involved in accomplishing
each objective via a first-round hit , and another which identified the
task elements involved in accomplishing each objective by firing , missing ,
adjusting fire , firing again , and achieving a second-round hit.

To facilitate the behavioral descriptions , a job objective -

behaviora l el ement data matrix was generated as shown in Figure 1.
Arabic numerals were assigned to each of the 266 job objectives and were
entered along the left margin of a large matrix. The analysts then listed
the task elements for each crew member involved in the first job objective
and coded these by entering numbers across the top of the matrix. A “1”
was then entered under each task-element number in the row for Objective

• #1 , indIcating that performance of the objective required performance of
each of the behaviora l elements in the row. The behavioral el ements for
Objective #2 were then specified . Any new elements -- ones that were not

- 2 8 -
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Figure 1. Job objective-behavioral element data matrix.
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inc l uded in Objective #1 -- were coded and their numbers added to the top
row of the j lat rj x . The Same was done for Objective #3 and for the remain-
Ing 263 objectives. An example of the specification of behaviora l ‘le-
nients is given for Objective #8 in Table 3. When coded and entered into
the eighth (objective) row in  the data matrix (Figure 1), these behaviora l

• elements would describe a pattern of “ l ’ s and “0 ’ s uniquel y assoc iated
with Objective #8. A “1” indicated that a behaviora l element occurred
during the crew ’s performance of tha t objective , while “0” entries in-

• dicated that given elements were not invol ved .

The number of behaviora l elements required to descr~i-be the 266
• objectives using the first-round hit assumption was 114. An additional

21 elements were associated with subsequent-round engagements in which
fire was adjusted by means of either burst-on-target technique (eight
additiona l elements), a standard range adjustment (six additiona l ele-
ments), or a subsequent fire command (seven additiona l elements). As in-
dicated earlier , wh i ch of these three methods (if any) should be appended
to the description of the basic objectives would ultimately depend upon

p~~ hoc information about a specif ic engagement. Tha t is, did the first
round miss and if so . wha t method of adjustment was appropriate? In
light of this a priori indeterminacy, and the fact that inclusion of a
subsequent method of engagement would at most increase the pool of be-
havioral elements by only fl (8/114), it was decided to analyze the re-
lationship among objectives based on the primary pool of 114 elements
associated with firin g of the first round . The list of behaviora l ele-
nients used to describe the objectives is attached as Appendix C* .

*As with the set of job object ives , the l ist of task elements was revisea
several times with the assistance of the Weapons Department of the Armor
School at Fort Knox, and this process continues as doctrine and practice
are revised . Two of the 114 elements were recently deleted , after most
of the analyses reported below had been performed; it has been deter-
mined tha t these deletions would have had only very minor Impacts on the
analyses , which therefore were allowed to stand . The two deleted ele-
ments are indicated in Appendix C.
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Table 3. SAMPLE JOB OBJECTIVE DESCRIBED IN TERMS OF TASK ELEMENTS
AND ELEVEN GENERAL CONDITIONS

.kib Obj ective Nt~. 8 ~~~~~~ Mi’ i l t • r  Gunner Wt’apon Main Gun h u n g  Mode Battlesight
V, tnq, iv Mcnion Moving Tdrg~’t Motion Moving I unoet Tyi~’ Tank or LAV
T,ui~it’t Visib ility Visible I lilli S t n~iuiq, . <1600 Meters Day/Night Day or Night
F in’ Contiol Insti iiinoint lelescope Anununit ion Sabot or Heat

TANK COMMANDER BEHAVIORS:
1 TC Announces “Gunner”

16 TC Announces “Battlesight ”
45 TC Announces “Moving”
44 TC Announces Target Description
25 TC Lays Gun for Direction
90 TC Announces “Fire” or “ At My Command , . . .  Fire”

GUNNER BEHAVIORS:
36 Gunner Turns on Main Gun Switch
42 Gunner Selects Sabot or Heat Retic le
47 Gunner A nnounces “ Identif ied ”
74 Gunner Applies Lead in Direction of Target Apparent Motion
77 Gunner Lays Range l ine Leadli ne at Center of Base of Target
94 Gunner Times Shot
98 Gunner Announces “ On the Way ”
100 Gunner Fires Main Gun

LOADER BEHAVIORS
14 Loader Unlocks Ammo Ready Rack
26 Loader Selects Sabot or Heat
31 Loader Places Main Gun Safety in Fire Position
33 Loader Announces “Up”

DRIVER BEHAVIORS

8 Driver Maintains Steady Rate of Speed
9 Driver Maneuvers Tank for Firing

10 Di iver Announces Adverse Terrain Conditions

- 3 1 -
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ANALYSIS OF RELATIONSHIPS AMONG OBJECTIVES

The basic issue to be addressed in analyzing the 266 job-objec-
tive by 114 behavioral -element matrix was whether the entire domain con-
sisted of highly similar objectives , or of several subdomains , each con-
taining highly similar objectives but differing from other subdomains.
A unitary domain , defined in terms of relatively high coniiiunality among
the behavi ora l element s compr ising al l th e job objectives , would lead to
the assumption of generalizability among the entire pool of objectives .
Sampling would , therefore, proceed from among the entire set of 266,
the selected items genera li z i ng  to the domain as a whole. If, however ,
subdomai ns or “families ” of objectives were identified in which objec-
tives were homogeneous within each subset and heterogeneous among sub-
sets, a different sampl ing strategy would be used . In this case, since
objectives would be assumed to generalize best to others in the same sub- -

domain, a stratified sampl ing plan would be -in order. Test i tems would
be selected from each homogeneous subset. Representation of the domain

would be ensured by inc l ud ing test i tems in the model Table V I I I  from
each subdomain of objectives .

Procedure. In order to determine whether the domain of gunnery
object ives was t.~nitary or consisted of a number of subdomains , a technique
known as cluster analysis was employed . This technique , when applied to
the k i n d  of data contained in  the job-objective/behavioral-element matrix ,
is used to search for a ser ies of part it ions which  def ine groups w i t h

similar patterns of data . In this particular instance groups of job
obj ec t ives  were sought which had similar patterns of behavioral elements .
T he ana lys is was conducted by subjecting the 1 , 0 data contained in the
obj ective—element matrix to the BMDP3M cluster analysis program contained
in the Biomedical Comp uter Programs package (Dixon , 1975). A more de-
tailed discussion of the analytical procedure and of the interpretative

• process is presented in Appendix D.
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Results. The cluster anal ysis indicated that the domain of tank
gunnery as def ined  in  thi s study m i g ht best be characterized in terms of
sixteen relatively homogeneous clusters or families of job objectives .
The clusters, which  correspond fairly wel l to a rational grouping of ob-
jectives based on major conditions of engagement, are summarized in Table
4, together with the number of job objectives contained in each.

The first cluster contains 30 job objectives in which the gunner
uses the main gun in the battlesigh t method of engagement to engage targets
with SABOT or HEAT ammunition . The analysi s indicated that objectives in
this cluster could be broken down more finely as a function of firing ve-
hicle motion (stationary, moving to a halt , and moving), but this finer
breakdown only slightly increased the homogeneity of the resulting three
subclusters over that of the larger cluster which , therefore, was retai ned
on practical grounds. The 30 job objectives in the cluster have the same
va l ue on 94 out of 114 behaviora l elements .

The second cluster is similar to the first since it includes
main gun SABOT/HEAT battles ight engagements ; however , for these 12 ob-
jectives , the tank commander fires the weapon. This cluster can also be
broken down by firing-vehicle motion , but the resulting gain in homogeneity

• is small. This cluster was formed by adding one anomalous task to the sta-
tistically derived cluster , since the outlying task fit better here than
elsewhere. The relatively high uniform i ty (98 out of 114 elements) sug-
gested that addition of the outlier objective to the 11-objective cluster
defined in the computer solution was reasonable.

The third cluster in Table 4 includes the 16 objectives describ-
ing gunner main gun precision engagements using SABOT or HEAT. This clus-
ter could be further broken down on the basis of target motion (stationary
or mov ing), as well as on the basis of firing -vehicle motion. Again , how-
ever , the resulting gain in homogeneity is small. The 16 objectives in
the composite cluster have the same values on 97 out of 114 elements.
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Table 4. CLUSTERS OF JOB OBJECTIVES

Crew Are Con trol Cluster
Ctuster Member Weapon Method Instrument Ammunition Size

p4 , 1 G MG BS S/H n=30

2 TC MG BS S/H n 12

3 G MG P 
- 

S/H n~~16 
-

4 TC MG P S/H n~~8
• 5 G MG P H/B n 2 4

• 6 TC MG P H/B n = 1 2

7 G MG RCL 
- -  

H/B n = 1 O

8 G MG RCL S/H n~~6

9 TC MG RCL S/H n 2

10 _~ TC MG RCL H/B n = 3
11 G CX NP CX n~~56
12 G CX RCL CX n~~13

13 TC CX NP CX n = 2 4
14 TC CX RCL CX n = 6
15 TC .50 N P TPI .50 n — 1 5

16 IC .50 NP TPD .50 n - 29
266

Tank motion, target motion, target type, visibility, day or night , fire control instrument , and range
are usually mixed within clusters.

Abbreviations: G — Gunner 50 — .50 Caliber Machinegun
TC Tank Commander BS Battlesight

• MG • Main Gun P — Precision
• 1 CX — Coax Machinegun RCL Range Card Lay no Direc t Fire

S/H — Sabot/Heat NP - Nonprecision

H/B • Hap/Beehive
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• The fourth cluster , consisting of eight tank con~ander objec-
tives , is similar to the third . It also formed from two subclusters .
Again , the overall cluster has relatively high uniformity (101 out of
114 elements).

The fifth cluster is similar in Content to the third, w i t h the

exception of a change in ammunition to HEP/BEEHIVE . The 24 obj ectives
have s imilar values on 86 of the 114 elements.

The s ixth cluster involved the 12 objectives defining tank coin-
mander precision engagements using HEP or BEEHIVE. Objectives in  the
cluster have 88 elements in corrition.

The seventh and ninth c l u s t e r s  described i n  Table  4 were unusual
and will be discussed at the end of thi s section.

The eighth cluster consisted of the six objectives in which the
gunner fired SABOT or HEA T using the range-card-lay- to-direct-fire or the
range—card methods of engagement. It was formed from a f ive-objective
cluster , plus the addition of one anomalous isolate (c.f. the second
cluster ). The six objectives in the cluster have similar values on 104
elements.

The tenth and fina l main gun cluster inc l udes tank commander
range-card engagements using HEP and BEEHIVE. Objectives in this cluster

• have 102 elements in conillon .

The analysis segmented machinegun engagements into six clusters~
defined primarily by the crew member firing and the method of engagement.
Cluster 11 includes the 56 job objectives in which the gunner engages
targets using the coaxia l machinegun in the non-precision mode. The clus-
ter ana lyses indicated that this larg e cluster might be more finely char-
acteri zed if broken down by target motion and target type (area vs. point
targets), but with only a small gain in homogeneity . The clustered ob-
jectives have 90 elements in common.

(
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The twelfth cluster is made up of the 13 coax range-card-lay-to-
direct-fire exercises fired by the gunner. It formed from two smaller
c lu sters and one isolated range card objective. The objectives comprising
the overa l l c lus te r  had si mi la r  v a lues  on 98 elements out of 114.

- The thirteenth and fourteenth clusters are tank commander clus-
ters correspond ing to clusters 11 and 12. They share 96 and 106 elements
respectively.

The final two clusters are tank commander .50 caliber clusters
whi ch are d i f fe ren t i a t ed  on the basis of the sight (fire control instru-
ment ) us ed to f i r e  the weapon. C luster 15 inc l udes the 15 objectives which
employ the tank commander ’ s inf rared  s i g h t .  I t s  objectives have 99 out of
114 elements in common. Cluster 16 includes the objectives which employ
the tank commander ’s daylight sight. Its objectives share 98 elements .

The two clusters for which discussion was postponed above actually

were never defined as such by the compu terized cluster analysis. Cluster
7 (gunner firing HEP or BEEHIVE using range-card-lay-to-direct-fire) and

cluster 9 (tank commander firing SABOT or HEAT using the same method of

engagement) were formed entirely ad hoc , from obj ec t iv es which were a lmost

randomly dispersed throughout the remaining main gun job objectives . These
objectives were moved out of the clusters into which the cluster analysis
originally placed them because their contents (both in terms of conditions

• and behavioral elements ) were so different; Indeed , in most cases they were
remote outl iers as far as the computerized solution was concerned . Thus ,
in some sense these two clusters comprise “other ” categories. Fortuitously,
however , these “other ” categories turned out to be relatively homogeneous
wi th respect to content , and to fill in the gaps in the basic solu tion matrix ,

• defined by crew member, weapon system, and mode of fire. Further , objectives

within these constructed clusters were found to have re la ti vely large numbers
of elements In common (90 and 110 respectively) indicating that they were
just about as homogeneous as the remainder of the clusters . The conclus ion

H
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is that for these 12 exercises, most of t he flaws in the algorithm (d is-
cussed in Appendix D) coincided to prevent cluster formation. However, the
fact that the solution was directly referrable to the underlying behavioral

• elements permit ted a straightforward adjus tment.

In summary, results of the cluster analysis indicate that the
set of 266 job objectives do not simply characterize a single job of
“tank gunnery”, but rather approximately 16 jobs as described above .
These differ primarily in terms of the weapon involved , the method of
engagement , and the crew member who fires. Further distinctions involve
ammunition and fire control instruments. For purposes of testing to de-
termine if a crew can perform the “tank gunnery” job, therefore, it will
be necessary to test whether they can perform each of the 16 distinct
components of that job. The domain of job objecti ves in Appendix A has
been organized according to the 16 clusters described above .

SAMPLiNG OF JOB OBJECTIVES

The sixteen sets of job objectives emerging from the cluster
ana lyses suggested that  a stratified sampling approach be used when select-
ing test items for the model Tabl e V III. In impl ementing this strategy
two issues needed resolution : The first concerned the appropriate number
of items to sample; the second was to select the best way of sampling
using as the primary criterion the construct of generalizability within
sets of objectives.

Sampl ing Strategy. The most straightforward approach to deter-
mining the number of i tems for the model Table V III would be to select 16
objectives (or multipl es of 16), one (or more) for each of the salient

• clusters in the domain. However, there are obvious tradeoffs among the
number of test i tems, testing efficienc> , and ultima tely, test cost. As
a rough guideline to the resource/cost constraints current versions of both
the USAARMS and USAREUR Table VilI ’ s are somewhat longer than 16 exercises.
Thus it was felt that resources currently available could support more than
16 exerc i ses , especially since add ing exercises would only improve the ac-
curacy of qualification decisions. The second reason for considering more
than 16 items was to insure approximately equa l testing power for each
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distinct set of objectives . Were only 16 exercises used, then each family
• in the domain would be represented by only one test item ; however , some

families (e.g. gunner , coax , non-precision with 56 objectives) are much
larger than others (e.g., tank commander , range card , SABOT/HEAT with only
two objectives). If one were to try to estimate performance on one family
of 56 objectives and on another of two with a single test i tem for each ,
there would necessarily be less predictive power for the larger family.
It seemed appropriate , therefore, to attempt to have approx imately equal

• testing power for each of the families within the bounds of a practical
- 

.

~ test.*

Therefore, the stratified sampling approach was implemented by
adopting a sampling rate proportional to the size of each family. Based

• on this rule , a family with twice as many objectives as another family
would be represented by twice as many test exercises. In order to have a
Table V III of reasonable size , a sampling fraction of .1 was used . The

number of exercises in each famil y was divided by 10 and rounded to the
nearest integer number ; this then was the number of exercises to be
selected from that family. For example , the largest family (56 job objec-
tives) would be represented by six exercises , the second largest (30) by
3, and so on. On this basis two clusters containing two and three ob-
jectives respectively (tank commander range-card-lay-to-direct-fire using
SABOT/HEAT and using HEP/BEEHIVE), were too small to be represented at all.
Sincethe two were similar in content and differed only in terms of the

• amunition used, they were collapsed into a single set for sampling , and
one item was selected .

Armed with guidelines as to the number of objectives to sample
from eac h clus ter , the next step was to develop an index of generalizabi lity
to use In actually drawing samples of objectives from each family.

* To the extent that the model Table V III exceeds future resource avail -
• ability it may be reduced to the minimum of 16 objectives using rules n

described below . This represents an alternative cost-effectiveness
tradeoff.
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As argued previously, generalizabil ity in this context is based on the
assumption that the more behaviora l elements in one objective that are
contained in the other (and vice versa), the more predicta bility there
will be from either objective to the other. Thus , any objective which
includes all of the elements involved in any other objective in the
cluster would be ideal. Unfortunately, this is never the case, since
most changes in engagement conditions from objective to objective produce

• corresponding changes in the element structure , and therefore no objec-
tive in any family has all of the el ements which ever occur in each of
the remaining objectives . An approximation to this idea l would be to
select the objective which contains a majority of the behavioral elements
that are ever involved in the family. By this criterion there are usually
several objectives , particularly in the larger families , that would qual i—
fy. But this criterion amounts to simply counting elements--the objec-
tive in any family which has the most elements involved would necessarily
have the most elements in common with any other objective in the family.
Therefore, in developing a generalizability index it was decided to
weight these primitive frequencies by how often the el ement actually
occurred in the family. This was done to emphasize the relative impor-
tance of elements within the family. Similarly, to the extent that an
element is frequent in a particular cluster and infrequent in the domain ,
it is even more important that such an element be represented in items
selected for testing , since such elements describe behaviors which are
unique to the particular kinds of engagements represented in the cluster.
An additiona l weighting dealt with this issue. The index resulting from
this compound weighting procedure was termed the “generalizability index ”
(ZF 1

2/D.) and was used to order objectives within families to establish
sampl ing pr iorities. For further details of the genera lizab ility index
see Appendix E.

Sampling Procedure. Using the derived index EF1
2/D~ selection

of the most generalizable objectives from each cluster was straightforward .
Within each of the 15 strata to he sampled from (recall that two tank
commander clusters were collapsed into one stratum) the index was computed
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for constituent obj ectives , and these were ranked from high to low in
terms of generalizability . Based on an examination of rank values , the
j ob obj ective with the highest index value was sel ected from each cluster.
In clusters from which more than one objective was to be chosen , the ad-
ditiona l items were drawn accord ing to the same rule. The objectives
ranking second , and third , and so on , were selected until the quota for
a given cluster was reached .

• The prototype set of obj ectives resulting from app lication of
this procedure revea led several features needing additional considera-
tion. First , two objectives involved either the use of BE EHIVE ammuni-
tion or a mov ing aircraft target . Doctrina l and resource constraints
uncovered during the course of the project suggested that it would be
difficult to fire these engagements under norma l Table VIII testing
cond itions. Nevertheless , summary reject io n of such object ives seemed
unwarranted ; it was decided to retain them in model Table VIII (pro-
vided they met other sampling criteria discussed below) since quality of
test content rat her than ease of implementation was the primary concern .

Fur ther  i n s p e c t i o n  of the prototype test exercises raised ques-
tions about the adequacy with which various engagement conditions were
represented . In striving for maximum generalizabili ty based on the ranked
index values ,various engagement conditions were over - or under-represen-
ted. For exampl e, in five of the seven strata from which two or more ob-
jectives were to be drawn , tied ranks were encountered . In each instance
the tie occurred between day and night versions of what otherwise were

• virtually identical obj ectives. Inclusion of both exercises , as dema nded
by the initial sampl ing procedure , served to restrict the variety of
engagement conditions represented . As another example , in spite of the

inclusion of day/night twins , a preponderance of nighttime engagements
resulted . Ten of the 13 main gun engagements were at night as were 12
of the 15 machinegun exercises . A similar imbalance resulted with re-
spect to the fire-control instrument used to conduct the engagement. Nine
of the 13 main gun exercises involved the use of secondary or backup sights
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instead of primary ones , and in only one instance was the gunner ’ s day
periscope represented . *

In order to dea l with these imbalances the original sampl ing
strategy was modified in a number of ways. The basic thrust of the re-
vised sampl ing procedure was to: 1) obtain a balance between day and
night engagements for both the gunner and the tank coninander; 2) use day
and night engagements when multiple objectives are drawn from a given
cluster; 3) provide for the representation of more primary and fewer

• ‘ backup methods of engagement; and 4) maximi ze generalizability to the
extent possible within these constraints.

The four tank commander main gun clusters were addressed first.
One objective was needed to represent each of these clusters , and it was

• drawn by identifying that exercise which ranked first in terms of the
• generalizability index . In each case the highest ranking objective con-

sisted of a nightt ime enqaqernent; consequently balanc i ng was needed.
One of the clusters , comprised of range-card-lay-to-d irect-fire engage-
ments , requ i red use of a nighttime objective since it contained no day
engagements. Therefore, the day/night balanc i ng was undertaken using the

other three clusters. The day twins of the highest ranking objectives
ranked second, second , and third in generalizability. A balance was

• *These imbalances were not unexpected , and did not decrease the basic
validity of 

~F
2/D This index describes the genera lizabi lity of

objectives in ?erm~ of the communality of behaviora l elements and does
not address conditions of engagement . Thus , there is no problem with
Th~~ index , but rather there are concerns with face validity and user
acceptance. For exampl e , while doctrine permits many types of second-

• ary engagements , some are very undesirable relative to their primary
counterparts. Thus , the emphasis on behaviora l element generalizability • —

must be tempered by these other considerations.
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struck by select ing the two second-ranking day twins and using them in
conjunction with the night engagements representing the other two clus-
ters .

Attention turned nex t to the five gunner , main gun clusters.
The procedure was similar but somewhat more complica ted in this case
because of the need to balance across both day and night and primary and
secondary sights , and to insure when more than one objective was to be
sampl ed from a cluster that both day and night exercises were chosen.
In all , nine objectives were to be drawn to represent the five clusters .
First , the highest ranking objective in each cluster was identified . Two
of these came from range-card-lay-to-direct-fire clusters and were im-
mediately adopted as night engagements . The most generalizable objective

• in each of the three remaining clusters was represented by a pair of day/
night twins tied with the highest rank . One objective from each pair was
eventually to be chosen. In addition to picking these three, four other
engagements were to be chosen to round out sampling quotas for the main
gun clusters. Selection of these items was more invohed than the choice
of the two range-card exercises.

The first step was to decide how the overall sample of gunner
main gun exercises should be apportioned between day and night engage-
ments. A nearly equal five/four split seemed desirable , but there was no
compelling reason to choose five night and four day exercises instead of

• the reverse. Accordingly , samples were eventually drawn that represented
both of these alternatives . The second step was to settle upon a balance
between backup and primary methods of engagement. Since genera lizability

dictated three obj ectives that involved backup methods , the decision was
made to include only primary methods when selecting the remaining objec-
tives.

The third step was to develop rules for those instances in which
two or more objectives were to be drawn from the same cluster. The notion
0f simply proceeding with the second-and third-most j~neralizabl e objec-
tives was rejected for reasons cited earl i er--the approach leads to an 

•
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over-representation of night and backup engagements. As an alternative
it was decided to examine the fabric of each cluster in question to de-
termine whether a finer characterization of the cluster ’s content was
possible. This essential ly meant working backward through the cluster
tree diagrams prev iously described .

The clusters in question fortu i tously broke down into subclus-
ters or segments whose number equalled the number of obj ectives to be
drawn . To take advantage of this circumstance the objective having the
highest cluster generalizability was drawn first and the segment to which
it belonged was noted . That segment of the cluster was then excluded
from further consideration . W ith i~~~~~~ pt generalizability i ndex values
were then used to draw the subsequent objectives when these were needed .*
The sampling rule was to draw the highest ranking prima ry-method-of-en-
gagement objective from each segment as well as the highest ranking day-
time engagement fired with a preferred sight.

The sampl i ng procedure resulted in the identification of six
objectives from among which to draw three required gunner battlesight
items ; four precision , SABOT/HEAT engagements from which to draw two
i tems; and four precision , HEP/BEEHIVE objectives from which to choose
two i tems. Combinations of item s were selected from these pools that
reflected the various balancing criteria.

The final stage of sampling involved the selection of machine -
gun engagements. The procedure was essentially the same as used in sampl-
ing main gun i tems. As much of a balance as possible was desired between

• day and night engagements for the tank commander and gunner; and when
possible both types were to be drawn from any given cluster or segment.
When multiple i tems were requ i red the first was drawn on the basis of
cluster generalizability , while the rema i nder were drawn in terms of

• *The three objectives drawn on the ba~;is of cluster genera lizability alsohad the highest segment generalizability within the segment to which they 
•

belonged .
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engagements having the highest segment generalizability .* Nine objectives
were identified with which to represent the two gunner clusters. Twelve
were found which could be used to represent the four tank commander clus-
ters. Because of the absence of day/night twins , the criterion to balance
day and night conditions sharply curtailed the number of combinations which
were possible.

Sampling Results. Before the model Table V III could be compiled
from the machinegun , tank commander/main gun , and gunner/main gun compo-

• nents, the latter had to be given further scrutiny . A tota l of 16 objec-
tives was drawn , nine of which were required for representation of the
gunner ’s performance with the main gun. Twenty-four alternative combin-
ations of nine objectives were identified which satisfied the various
sampl ing criteria. The pool of Items and the resulting i tem combinations

• are presented in Appendix F.

In an attempt to select that one combination which best repre-
sented this portion of the domain , a number of subsidiary analyses were
undertaken. First , a listing was made of the behaviora l elements under-
lying each candidate set of objectives . The lists did not differ. In
each case the 24 alternatIve combinations provided for coverage of the
same 67 behavioral elements. Since alternatives couldn ’t be differen-
tiated In terms of behavioral elements , coverage of engagement conditions
was examined next. In 16 of the 24 cases the gunner ’s day periscope was
represented more frequently than his infrared periscope. In the remain-

• - ing eight cases (i.e., see objectives 1 and 3, and comb i nations 9-12 and
21-24 in Appendix F), the relationship between these two sights was ex-
actly reversed . In the authors ’ opinion the reversa l was undesirable but
did not warrant the discard i ng of options. Finally, segment generaliz-
abi lity ranks were summed for each combination . The sum of the ranks

*The six gunner nonprecision objectives which were requ i red by the strati-
fication plan were drawn by selecting two items from each of three seg-
ments . The first was drawn in terms of segment generalizabi lity . Since
these three were night engagements , the highest ranking preferred day en-
gagement was chosen as the second Item to obtain a day/night balance.
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ranged between 15 and 21. The five alternatives having the lowest rank
sums (i.e., 15) were selected as the set from which to choose one combin-
ation. 

• 

-

Two candidates (i.e., combinations 3 and 4 in Appendix F) were
eliminated from further contention because of their inclusion of more

• 

• 
night than day objectives.* The three remaining candidates (i.e., com-
binations 13 , 14 and 16) differed only in terms of the objectives used
to represent HEP/BEEFIIVE and SABOT/HEAT precision engagements. One com-
bination (16) involved firing three engagements by primary methods during
the day and one backup engagement at night. It was eliminated in favor
of the remaining two candidates , both firing the backup engagement during
the day. The fina l candidates (13 and 14) differed only in their HEP/
BEEHIVE precision objectives. The choice was a mov i ng target HEP engage-

• 
• ment at night and a daylight BEEHIVE engagement, or a day/night reversal

of these two objectives. Combination 13 was finally selected in which HEP

• was fired at a moving target during the day and BEEHIVE was fired at an
area target at night.

As indicated earlier , selection of the tank commander/main gun
objectives was straightforward . Choice of machinegun i tems was also
relatively straightforward. For each machinegun objective where an option
was available , the day objective was selected . To achieve a day/night
balance among the .50 caliber engagements, one night objective (320) was
replaced by the next highest ranking day en gagement (298) belong i ng to
the same segment.

• MODEL TABLE V III

The 28 engagements comprising the model Table VI II are presen-
ted in Tables 5 and 6. Main gun exercises are listed in the former and
machinegun i tems appear in the latter. To provide a frame of reference
in determining how representative the model exercises are of the gunnery

domain , they were compared to the exercises comprising three other tables:
one version of a USAARMS Table V II I presented in a draft of the revised
FM 17-12; a USAREUR Table V III described in USAREUR Reg. 350-704; and

*Thls step was reasonable because of the relatively large number of night ,
machinegun exerc i ses which were eventually drawn . When combined , the two
components provided a more nearly even split between day and night objec-
tives. 
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Table 5. TABLE VIII MAIN GUN ENGAGEMENTS

0~~

~ e~-~ ~ ~ q
• 

_ _  _ _  _ _  _ _  _ _ _  _ _  _  _ _  _  _ _

DAYTIME

1. (244) G MG BS MH M TNK/LAV VIS D/N TEL Sf1 <1600 B
2. ( 3) G MG BS M S TNK/LAV VIS D/N GPD SH <1600 P
3. (258) TC MG P MH M TNK /LAV VIS DIN RFD SH 500-4400 B

- • 
4. ( 40) G MG P MH M TNK ILAV VIS D/N TEL Sf1 500-3200 B
5. ( 35) G MG P MH S TNK/LAV vms 0/N GPO Sf1 500-4400 P
6. ( 70) TC MG P MH S BKR/CRW VIS DIN RFD HEP 500-4400 B
7. (262) G MG P MH M TSV VIS D/N TEL HER 500-1600 P

NIGHTTIME

1. ( 83) G MG RCLD S M TNK /LAV VAL N TEL Sf1 <4400 B
2. ( 89)’ G MG RCLD S S TRPS VAL N GPI BEE <1000 P

3. 1239) TC MG RCLD S M TNK/LAV VAL N RFD SN <4400 B
4. I 10) G MG BS S S TNK/LAV VAL N GPI Sf1 <1000 P
5. ( 63)’~ G MG P MH S TRPS VAL N GPO B EE 500-4400 P

6. I 27) TC MG BS M S TNK/LAV VAL N RFD SH — 1600 B

Exercises that may be substituted for BEEHIVE engagements.

~ (274) G MG RCLD S M TSV /CRW VAL N GPI HEP ~ - 1000 P
- ‘ “ I 56) G MG P MH S BKR/CRW VAL N TEL HER 

• 50G32O0~ P
_ _ _  _ _ _  _ _ _  — _ _  L I

See Table 2 for description, of engagement conditions.
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Table 6. TABLE VIII MACHINEGUN ENGAGEMENTS

0~~
~
- ~~c

-

~~ r~ 
a ~41 ~~ C C~~~~ .~~ ~~~• 

. -,~~z ~~~ ~ ~ it ~~~~ -~~~ ‘~~~ - > ôi ~~ CE ~~
DAYT1ME

1. (133) G CX NP M S TRPS VIS D/N IS 762 -~ 900 P

2. (281 ) TC CX NP MN S ISV VIS D/N RF D 7.62 — 900 B
3. (119) G CX NP M M TSV/CRW VIS 0/N IS 7.62 < 900 P
4. ( 307) IC .50 NP MH S AIR VIS DIN TPD .50 2300 P
5. (105) G CX NP M S TSV VIS D/N IS 7.62 • 

— 900 P

6. (298) IC .50 NP M S LAV/CRW VIS 0/N TPD .50 ~ - 1600 P

NIGHTTIME

• 1. (206) G CX RCLD S M TSV/CRW VAL N GPI 7.62 < 900 P
2. (214) TC CX ACL O S S TSV VAL N RFI 7.62 ~- 900 B

3. (282) G CX NP MH S TSV VAL N IS 7.62 — 900 B

4. (319) TC .50 NP MH S AIR VAL N TPI .50 -
~ 1000 P

5. (139) G CX NP M S TRPS VAL N GPI 7.62 •— 900 P

6. (296) TC CX NP MH M TSV/CRW VAL N RFI 7.62 ~- 900 B
• 7. (294 ) G CX NP MH M TSV/ CRW I VAL N 

• 
GPI 7.62 . . 900 P

8. (313)~~ IC .50 • NP MH M AIR VAL N TPI .50 — 1000 P
9. (316) TC .50 NP S S AIR VAL N TPD .50 < 2300 P

Exercises that may be substituted for moving aircraft target engagement. 
—

(230) TC 50 NP MH M LAV VAL N TPI .50 ~. 1000 P

_ _ _  — I I _ _ _ _ _ _ _ _  _ _ _ _  —

See Table 2 for descr iptions of engagement cond ition s .

_ _ _ _  

___________________________
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the set of prototype exercises mentioned earlier in this report which were
• obtained by sampl ing all items strictly in terms of generalizability.

Both the USAARMS and USAREUR tables were simply chosen as exemplars of al-
ternative gunnery tests.

The relative coverage of engagement conditions provided by

•1 these four tables is shown in Table 7. With respect to the USAARMS and
USAREUR tables the model Table VII I contains more exercises, the bulk of
these consisting of coax engagements. The model table also includes more
tank commander, range-card-lay , moving -to-a-halt , and moving target en-
gagements. Further , the various fire control instruments are all repre-
sented and are reasonably balanced . The balancing of conditions is parti-
cularly noticeable when the day/night and fire control instrument fre-
quencies of the prototype Table V II I are compared to those in the model
Table VII I. These results suggest that the change in sampling procedure
had the des ired effects.

In Tables 5 and 6 alternative objectives (i.e., 274, 56, and 230)
were listed for use in the event that BEEHIVE ammunition could not be fired
and mov i ng aircraft targets were unavailable. The substitution of these
objectives modifies the conditions represented by the model Table V III as
listed in Table 7. A static target, two troop targets, an aircraft target ,
and a gunner ’s daylight periscope engagement are lost. A moving target,
TSV/CRW , BKR/CRW , and LAV targets, and a telescope engagement are gained .

A more incisive basis for comparison is in terms of behaviora l
element coverage. The more comprehensive table will include a greater
number of elements . Table 8 compares the four tests by listing those
elements, from among the total set of 112 , which are not contained within
a given test. An “X” within a given column means that the Table V III in
question has not provided for coverage of a specific element. The code
numbers of missing elements are given along the left margin of Table 8
together with the frequencies wi th which they occur in the gunnery domain.
Elements not listed in the first column are covered in all of the tables.
Descriptions of the elements appear in Appendix C.

C ,-
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Table 7. FREQUENCY OF ENGAGEMENT CONDITIONS REPRESENTED
IN FOUR DIFFERENT TABLE VI II’s

_____________________________________________________________ _________________ _________________ _______________ ________________

CONDITION USAARMS USARFUR Prototype Model

Gunner 16 13 16 16

• . Tank Commander 6 3 12 12

- 

• W.apon: Main Gun 12 11 13 13

Coax 6 2 10 10

- • 
• .5O Caliber 4 3 5 5

• 

- 

Battle Si ght 8
• 

5 4 t 4
Precision 3 4 6 6

H Range Card Lay 1 2 I 5

Non Precision 10 5 13 13

Stationary 15 4 7 7 
-

~~

Motion: Moving 5 9 6 7

Moving to a Halt 2 3 15 14
- 

Stationary 16 13 17 17

Moving 
—

~~~~~~~~~~~ 
- 

6 • 3 11 11

Target Tank/Li ght Armored Vehicle 10 11 9 9Type:
Thin Skinned Vehicle 2 3 5 5
Troops 6 2 4 4
Light Armored Vehicle ! 2 — — 1Crew Served Weapon
Aircraft 2 • — 5 I 4
Thin Skinned Vehicle ! — • — 5 5Crew Served Weapon

Fiie Gunner ’s Day light Periscope 7 • 
9 1 3

Control
Instrum ent: Gunner ’s Infrared Periscope 2 1 7 5

Rangefinder 2 — 4 5

Rangefinder - Metascope — — 3 2

Telescope 2 1 6 4
Infinity Sight 5 2 2 4
Tank Commander s 3 3 3 3Dayligh t Periscop e
Tank Commande r ’s 1 — 2 2
Infrared Periscop e 4

Day/Night: Day 11 10 7 13

Night 11 6 21 15

Total 

- 

22 16 28 28 

-

~~~ i
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Table 8. BEHAVIORAL ELEMENTS NOT INCLUDED
IN FOUR DIFFERENT TABLE VlII’~

~~~~~ USAARMS L ISAH F UR P1~~I , l ~~p .  M~,d~f

TANK 5 17 x
COMMANDER 9 7 2 x x
ELEMENTS 

x

n a
76 4
27 4 X X S
28 43 x
29 5 x x
30 2 x
37 41 x x
32 8

34 5 -
~ • x X X

36 67 X
37 3•7 I

38 4 x
39 6?

40 37 
• X

41 30
• 43 20 5 5

44 17 X

45 9 5 5
4 22 x
4? 8 5 5 5 5

48 Ii S

49 42 x
18 5

S S X S

• 54 3 5 7< 5

4 ’ ?  25 52 8/52- 7 ’ ? -

_________________— — 

Pet cpnt Ml~~j o4 2/i ~ 4 81% 154% 13.5%

GUNNER 8 24 7<
ELEMENTS 59 12 5 7<

7/0 23 x S
/3 67 77

• 69 8 7<

70 4 77 5

7 7  5

4 7< 7< 7< 5

74 ~~ S
S -. S 7< 5

7 7 5 7<

80 18
81 20 7<

82 77< 77 7<
90 lB 7<
97 12 7<
94 7 /7

11 / 40 12/40— 7/40-
Pprçp,~T Mi%5n4 77 5% tO 0% 5.0% 1’S

DRIVER 7/ O f - -  37 /

ELEMENTS P~rc~nl Mi~~n~ 0’s

LOADER
ELEMEN TS 

704 76 7< 5
lOS 27 7<
11(7 78 7<
III 9 -~ 7<
77 2 76 7<
113 27 7<

3 / 14 — 6/74 W 1 1 4  7 l ~~~

Pv.,s-prn Mu sIng 27 4% 42.9% 00% 1

7817 2 4 1 7 7 —  7(1 II  2 7(7 I I

_________ --
_Tote P,rc.nt M,sin : .“ i <7’s •~~~g’s ~ r’ 

- 
89% 

•

Sir App~ndi. C I r I,~ ,i rpptioo 7 ‘l~ r7WflI7 
- 

7<
•

A . — - - -•---- — — -—- -4.-., 
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The model Table VI II provides for coverage of over 90% of the
elements in the gun nery domain. Of the ten which are missed , only one
(74) occurs relatively frequently in the domain (27 times). This element
(“gunner lays the rangel i ne on the center of target vulnerability ”), is
associated with precision engagements in which the telescope is used to
fire at stationary targets. It does not appear in the model Table VIII
because the various precision telescope engagements are fired at moving
targets. The nine remaining missi ng elements are relatively rare, occurr-
ing from one to nine times in the domain of 266 objectives.

When the alternative objectives are substituted in the model
Ta bl e VI II, the number of elements not covered rises to 16 or 14.3% of
the total set. Substitution of the machinegun engagement (i.e., 230 for
313) does not affect element coverage. Substitution of the two main

• objectives (i.e., 274 and 56 for 89 and 63) results in the loss of seven
elements (i.e., 9, 16, 59, 70, 104, ill , 112; see Appendix C), all of
which occur relatively infrequently and are uniquely associated with
BEEHIVE engagements. The main gun substitutions provide for coverage
of one additional element (i.e., 74).

Comparisons between the model Table V III and the USAARMS and
USAREUR tables simply indicate that different combinations of objectives
provide for the coverage of different elements. Consequently, when
choosing one table over another one must be aware of the tradeoffs in
el ement coverage which may be involved . The relatively smaller number
of elements contained in the USAARMS and USAREUR Table VI l I’ s is probably
due to use of different (or implicitly constra i ned ) gunnery domains and/
or emphasis on sampl ing criteria other than generalizability .

The evaluations of condition and element coverage supported
selection of the model objectives for a test of crew proficiency in tank
gunnery . Finalizing the model Table V III required decisions about ammu-
nition allocations and specific tank-to-target ranges .

Amunitlon. The main gun portion of the domain was defined in

terms of the conditions and behaviors associated wi th first round engage-

-7<
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ments. A question that arises , therefore , is whether main gun model Table
VIII exercises should be fired with one or two rounds of ammunition. Sub-
ject to the availability of resources, two rounds per engagement are re-
commended.

It will be recalled that subsequent-round engagements, after
a first-round miss , were not used to define the domain because of: 1)
the impossibility of specifyi ng a priori which method of subsequent en-

• gagement would be used ; and 2) the high similarity of behaviora l elements
involved in firing initially and adjusting fire.* Al though subsequent-
round engagements were not considered in defining the domain of objec-

• tives, there is no reason to eliminate them from the test of gunnery pro-.
ficiency . Adjustment of fire is a natural sequel to the main gun objec-
tives and has been formally included as one component of the standards
for crew proficiency contained in FM 17-12 (1977).

Target Range. As part of the description of each gunnery ob-
jective an envelope of tank-to-target ranges has been specified . In each

• case the ranges are those which are permissible , given current doctrine ,
and within the capabilities of the M6OA1AOS system. In order to finalize
the model Table VIII it was necessary to choose specific ranges with which
to represent the various engagements . As will be discussed in the section
on impl ementation , such specifications (and adherence to them) are requ ired
in order to provide testing conditions which are standard for all crews.

The seven battl esight engagements were accompanied by range
envelopes extend i ng out to 1100 meters for HEAT ammunition and out to
1600 meters for SABOT. The objectives were arbitrarily split into HEAT
and SABOT engagements and for each type the permissible ranges were repre-
sented. Assignment of a speci fic range to a particular objective was done
randomly.

*~~erging gunnery doctrine of the future suggests that subsequent rounds
will be fired by reinitiating the engagement rather than , for instance,
making a burst-on-target adjustment.
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Similar assignment of ranges was carried out for the six pre-
cision and three range-card-lay-to-direct-fire exerci ses . The upper
limit on possible ranges for these obj ectives was assumed to exceed the
capabilities of existing range facilities . Consequently, the upper range
was arbitrarily fixed at a distance which presumably can be impl emented
(i.e., 2500 meters). The lower limit was set so that some of these en-
gagements overlapped with battl esight exercises. Within these l imi ts a
representative sample of ranges was chosen and assigned at random to
objectives.

The same approach was used to specify machinegun-to-target
7 

ranges . Because of the overlap among several of the envelopes and their
narrower boundaries , many exercises were assigned essentially equivalent
ranges . Whenever an envelope was encount ered which contained ex tended -

•

ranges , the greater tank-to-target distances were chosen.

Summary. The model Table V III  tank qualification course is
presented in Table 9 for main gun engagements and in Table 10 for machine -
gun engagements. Each exercise is described in terms of the target to be
neutralized, the method of engagement, range to target, fire control in-
strument and type of illumination (for night engagements). The applicable
crew stand-ards are also given as specified in FM 17-12 (1977).

The remaining sections of this report focus exclusively on the
model Table VI II. The discussion centers on scoring procedures to be used
as well as considerations during implementation of the test.
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Table 9. TABLE VIllA , B TANK QUALIFICATION COURSE : Part I. Main Gun

Unit Tank Crew TC

Gunner Loader Driver

NO. OF
ES E R CISE CONDITIONS ROUNDS AMMUNITION STANDARD

VIII A 1 MOVING TANK Battleslglfl 2 TPDS-T Engage in 5 seconds.
1600 m I Hit in l O second s.
Moving to a halt
Telescope 

_______

2 TANK FRONT SHOT Battlesight 2 I4EAT-TP T Enga ge in 5 seconds.
l000m Hit in 10 seconds.
On the move
Gunner ’ s periscope

3 MOVIN G TANK Precision 2 TPDS- T Engage in lOseconds .
(IC) 1700m Hit in 15 seconds.

Mov ing to a halt
R.ngefinder

4 MOVING TANK Precision 2 HEAT-TP-T Engage in lOseconds.
1700 m Hit in l5seconds.
Moving to a halt

— 
Telescope 

- .

S TANK SILHOUETTE 
• Precision 2 TPDST Engage in 10 seconds.

2000 m Hit in 15 seconds.
Moving to a halt
Gunner ’s periscope 

_________

6 BUNKER! Precision 2 HEP.TP-T Engage in 10 seconds.
CREW WEAPON 2200 m Hit in 15 seconds.

ITC) Moving to a halt
• 

- 
Rangefinder 

-

7 MOVING TRUC K Precision 2 HEP- TP- T Engage in lOteconds .
• 1200 m Hit inl5seconds.

• Moving to a halt
• 

- 
Telescope

V II I  B I MOVING TANK Range card lay to • 2 HEAT-TP T Hit within 5 minuses of
direc t fire reaching referencgd position.

1900m
Stationary vehicle
Telescope , f lare

1 1~AOÔ~S Range card lay to 2 APE AS Hit within 5 minute s of
direct fire reaching referenced poSition.

900 m
Stationary vehicle
Gunner Periscope , I

infrared
3 MOVING TANK Range card lay to 2 TPDS-T Hit within 5 minu tes of

(IC) direct fire reaching referenced position.
t400 m
Stationary vehicle
Rangefi nder , flare

4 TANK FRONT SHOT Battl es ight 2 HEAT-TP- T Engage in 10 seconds .
BOO m Hit within 15 seconds .

• • Stationar y vehic le
Gunner ’s Periscope,

infrar ed 
_____________

5 TROOPS Precision 2 - APEA S Engage in 15 seconds.
1700 m Hit within 20 seconds.
Moving to a halt
Gunner ’s periscope, flare 

- —

$ TANK FRONT SHOT Batileiight 2 TPDS.T Engage in t O seconds
(IC) 130C m Hit within 15 seconds.

On the move
Rangefinder . flare

NOT ES I. During conduct of tPie table . target acquiSition lime t ree I.’ I~ st ,~~,nd 7’ ~nd tree to won(l - r0~•nd bit li t ni-ecsed l
ar. recorded. Sc or ing .s t hen acc~,mptisp~erl s•ng a sa , , et  s . f / I ’ ,  Ivi es.

2. Etnoftasis is on acf’uaving a target bit in the short,st tiossibi. ‘.,.- R
~’n • pu nts are 5usd ’ t~~i ~~~~~~~~~ lOflSedSøt(Ofl .

arid second rou nd is not tIred if the f~’,t teund hiti.
3 Crewdutiis are NOT Scored -c Tab~. V I I I  ~O’ Di.’r)oses . i..’ • 1 ’

4 . Three train gun rounds ‘ta’,, been allocated for warm ic and :ef • ,cf , rntat ,,c itwci ruiuunils I~~r lies, One rOuund f~if r,,471!
Th, lu st espenulne .o~nd iiIF P.TP TI ,hou, id be owl wW m sut- I’ utposes and the siglies I io ,~~7le ~~locit’, .5 ’ii i,I’,ci
l’l’POS-Tl Should b~ aid for zero/nd.5, As an .lterrwtise. the second V I t ltt erigagleseett ‘as be f red at a ‘i- •.c~ t’ ,~~h s~~~ -4FF

6 As an alternatiue the f i f th  VI l IB engagement may be t/red ,,,, ci.’, W I 7  Ht~F ann ‘ . ‘  ,eI,-s u-i-,-

7 . Ensaise n!t ier.,nds ’ ~~~~~ 
,, , ¶i,~ time trot., the alert elpes.-,-, • “ I”.’ ,.‘ ,I ,al t •~ ,- , , .,‘- -‘sa.,-f .~ Iss •‘i u , ‘ tbC ct.’, 7,

direction Iwh ic hevef ocr/i” ear i,erl t ’  the toi ng of the first roiiC, 1 A ,.‘. -“il ‘ , ‘ • nul 1 c~~ler1 .“ ,, 7-i’ ’ 01 ,‘,‘I~~- c 5 f
aecisnO, Of ~ f i r s !  r o u nd ~~ ss

8 Flare i I i tutnine t iuir  ma’, tie refliacetj WITS ,Q’ .!r I,Qt’ t • I I u - c n ,,’ ofl I ,’,l Sn , ,II,P’ c.I.L ‘as - I ’-’ 5t,i ” I I ’ u I s ’ ’  . 1  c hr .~~cl
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Table 10. TABLE VIII A B TANK QUALIFICATION COURSE: Part II. Machinsgun

NUMBER
E X CRC I SE CONDITIONS ROUNDS STANDARD

Vil lA 1 TROOPS 300 m 100 Engage within 5 seconds.
On the move • Coax Obtain 3/Sa cove rage.

I Infinity sig ht

2 TRUCK - 900 m 50 Engage within 5 seconds.
Moving to a halt Coax Obtain 1 tracer hit.

- Rangefinder

3 - MOVING TRUCK 100 m 50 Engage within S seconds.
On the move Coax Obtain 1 tracer hit.
Infinity sig ht

4 AIRCRAFT 2200 m tOO Engage wt thin5seconds.
Moving to a halt Cal .50 Obtain 1 tracer hit.
Tank Commander ’ s

periscope

5 TRUCK 
- 

500m 50 Engage wIthin 5 seconds.
On the move Coax Obtain 1 trace r hit.
Infinity sig ht

6 TROOP CAR R IER 1500 m 100 Engage wtthin 5 seconds
On the move Cal .50 Obtain 3fl5~ coverage .
Tank Commander ’s

periscope

VIIIB 1 MOVING TRUCK 300 m 50 Engage wi thin lOseconds .
Stationar y vehicle Coa x Obtain 1 tracer hit.
Gunner ’ s periscope

infrared , A C ID

2 TRUCK bOO m 50 Engage wtth in tOsecond s
Stationary vehicle Coax Obtain 1 trace r hut
Metascop e . in fl ated . ACID

3 TRUCK 900 m 50 •
- 

Engage wsthin 10 seconds.
Moving toe  halt Coax Obtain 1 tracer hu t

I Infinity sight , f larg

4 AIRCRAFT 90D m 100 Engage within 10 seconds.
Moving to a halt Cal .50 Obtain 1 tracer hit.
Tank Commander ’s

per iscope , infrared

5 TROOPS lOO m 100 Engage within lOseconds.
On the move Coax Obtain 3/Ss coverage .
Gunner ’s periscope .

infrared

6 MOVING TRUCK 300 m 50 Engage within lOseconds
Moving to a halt Coax Obtain 1 tracer hit.
Metascope , infra red

7 MOVING TRUCK 500 m 50 Engage within 10 seconds
Moving to a halt Cossi Obtain I tracer hit
Gunner ’ s periscop e.

infrared

8 MOVING A IRCRAFT 900 m 100 Engage w ithi n lO seconds
Moving to .t halt Cat 50 Obta,n 1 tracer ttit
Tank Commander ’s

periscope, infr ared

9 AIRCRAFT 2000 m tOO Engage w’thin lOseco nds
Stationary vehicle Cal . 50 Obtain I trace t hit.
Tank Commander ’ s

- 
periscope , flare

‘i~ - rr S I Oueind ‘-.,l ,, I , l Its, t ,iI-,ie ,nqadPl.ii ’. I m d  hit tirrie’, are recorded Sciilirig s Iham~ .•, , ,,,,1,ius hWIt is ’nd a ,aru et s . 7 ‘ -i  di re’,
A, an alt ernator to VI II ii F ser cuw’ 8 ., I .31,I ar’ri,i rml veh icle ma’, lv’ .ngagw-t

i f lare ,tIiiiT,in~tIiWI rrma7 be reeuIaClsl W.tt , Wtsi t r ’  i,iitl t iii,irr,ln,mliisS I,,,’, another I.,,’i Pin II.. , ! , ’  .1 , , ’  i,..1, ’~~ ,1 the,’ ta’ ’ ,wil

I ‘det.•s, , ‘ iW ,nOJflerTIents a .. - •..0 t’~ the I .5 - , ,o” - ’ .i .. ,i, ’-
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TABLE VII I  SCORIN G PROCEDURES

Scoring issues and procedures are discussed in this section as
a function of the four principal uses to which Table V II I results may be
put. The section begins wi th a discussion of the kinds of data which are
to be collected during the administration of the model table. Applica-
tion of these data to specific uses is then treated separately for each
potential scoring purpose.

PERFORMANCE DATA

The model Table V III consists of 28 engagements , in which tar-
gets are to be neutralized with the coax , .50 caliber , and/or 105 mm.
weapons. In each of these engagements data will be obtained that ‘indi-
cate a target hit or miss , the time required to conduc t the engagement,
and the quality of crew performance as measured by selected process vari-
ables .

Hit/Miss Data. The primary measure for each engagement will be
an indication of whether the indicated target is hit or not. In machine -
gun engagements of point targets a hit will be recorded when a minimum of
one tracer round strikes the target (FM 17-12 , 1977). Hits will be re-
corded for area and suppressive fire engagements when 3/5s coverage of
arrayed targets is obtained (USAREUR Reg . 350-704, 1976). In main gun
engagements a hit will be scored when the round strikes or passes through
the target. A second round will not be fired unless the first round
misses . In either event , which round strikes the target will be recorded.
Following guidelines ‘indicated in FM 17-12 , credit for a bit will not be
given if the (wrong) arrinunition fired is incapable of destroying the target.

Enifagement Time. Engagement time is defined as the time requir-
ed for a tank crew to accomplish the single i ntegrated act of acquiring ,
engaging , and hitting or destroying a threat target. When measuring speed
of crew engagements, however, data are needed on several of the underlying
components of behav ior. Modifications are recomended , therefore, to the
procedure outl ined in FM 17-12 which results in continuous timing and re-
cording of one overall time for the entire engagement.

In keeping with the crew standards specified for the M6OA1AOS

tank and an interest in diagnostic i nformation , time data are needed for
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each of the followi ng components : 1) acq~,,1s1tion time (i.e., the time
from target appearance , as indicated by any of the alternative definitions
in FM 17-12 , to the alert element. of the initia l tire command or laying of
the main gun for direction , whichever occurs earl i er); 2) time to fire
first round (i.e., the time from target acquisit ion as signified above to
firing of the first round); 3) tIme to fire subsequent round (i.e., time
from the f i r s t  firing to the second firing); and 4) time to achieve a hit
(i.e., the time from target acquisitio n to either a first or second round
hit). In addition to these iiieasures, range-card-lay-to-direct-fire (RCLDF)
engagements wi l l  include the time from reaching the referenced firing po-

‘ I sit lon to securing target hits.

Collection of these data w ill place fairly heavy demands on scor-
Ing personnel who should be thoroughly briefed and trained in data collection
procedures. The component measures would be obta i ned by permitting a stop-
watch to run (from target appearance as defined in FM 17-12 , or upon reach-
ing a referenced firing position in RCLDF exercises ) whil e record ing elapsed
time to salient events in seconds,

Process Variables. In additio n to the primary data described
above , information would be obtained on a number of ancil lary aspects of
crew performa nce. When multiple targets were presented within the context
of a single engagement , the order in which the targets were engaged would
be recorded . Similarly, in machinegun engagements the crew ’s technique
of fire delivery would be qualitatively evaluated . In each engagement
qualitative evaluatio ns would be made of crew duties and interactions among
crew positions (e.g., communication protocols). Finally, as suggested in
FM 17-12 , crews would be scored qualitativel y on their use of terrain and
quantitatively on their conservation of ammunition . These data and the
speed and accuracy Information wou ld be used to evaluate crews for the pur-
poses descr ibed below .

CREW QUALI F ICAT ION

Basic hit/miss and component speed -of-engagement data should he

used to develop scores which indicate whether or not crews are qualif~ed
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in tank gunnery . The t I ‘‘a t ~ op in t h j l r i~ ‘a’, i ‘a I o determine whether
crew perfo ’ma nc e on a g iv t ’lt Ofl it i l  oemen t i s ’ Up t i t  s’pei.’ if i ed standards
scori ng each engag~uent on a ;sts’ ‘,, I iii 1 It i t’ , i . ftc second step is to
aggregate the pa ~ a i i  u t  ui’uu t On on I itd i I dna 1 enqaq~ nen ts ( I , e
the c rew did or ii Id not  perform I I) ‘a t andat’ds ) into a dec is ion about crew
qualification with t’ t ’s~ ui,’~ t I it t ho doilla in t t t  iUlflfl(’l~V as d Whole.

Crew St inl5trd’ . , Iho t’ t W  ‘~tandat’d’. spec it led in FM 17— 12 , and

- ~
‘ presented earl iet ’ in th ‘a I’opul’ t  . current 1 v ‘a t ’ l ’ V t ’ as the bas i s for all

training and subsequent OVa I ua t i on . t uwi vOt ’ , .1 lIl d jor caution is urged in
applying these standards . t II  I I)Il’.i l r t i il~,i,

iiI H 011101’ s’ . As K,’5iemer , Bol do—
v i c i , and Bovoin l O ,’~~) ‘ .~~~-~o~~t

Gu finery s t a nda t’d • it FRI S I ii lId a rd ‘a I or all COlllba
performance , should not ho - ,t ’ t on th e basis of
expert judqiuen t , fo t’ i t ~ ox pert s a t’e wrong,
our gunners will ht ’ in tu ’ouhl Ii iwh (in the I laq
drops , I Nor ‘a hon Id ‘a ta n dt rd ‘a ht ’ —

~~~‘ on the
basis o the norma li v e il l ’ t ’  I o i s~ t nce of our own
trainees or &~~j t  l it 1 ed q unners . Normative da ta
can t e l l  us how q ood Wi’ are , but not how q ood
we need to ho . ‘~t and ,iri . 1 01’ colllh5t t pel t ot’iIRtltce
should be so I on t ht ’ ha -. 1’, (11 the hoc t a vat 1 able
i nfornia t ion a bou I t he OIIOIII Y ‘ ‘a ca p 1th i i i  I ‘~ . Know—
I ng that our ~unners (:an meet a chit ra r I I e’’a tab—
Ii s hed open i nq and i. los ’ inq t inn’ ‘a I andard s of ~and 7 secon d ~ prov I des lit t l e  ~ o toi ’ t if I he enemy
can open in 4 seconds and i,, lose in ti . I nt ’oniia —
t ion about 0 flOPO, qu nnel’y ~ a pat) ii I t It’’a mu ‘at be
made ava i labi 0 0 itO ide d1 ’v elopment of tt’a i,i i nq
and job performance -

‘ t , IIRI l l ’d , ( p .  1:

T h i s  caveat requ i t’es I h i t illi rlnl.’t ’v ‘a t i  uda t ’ds , I ni, I ul,I nq those in ~M 1 ~ — 1 ~
which have been adopted in t i l i ’ Ut ’  ont u ’t  fort , be hj ec ted to Continua l

scrutiny and rev I ‘at ’d ~~~~ ~ han~e’. in out - ~w n i~l’ I he enem y ‘s doctrine and
equipment warrant.

The crew s ta ndat’d ‘a p ci ’ - .on ‘ii ear 11 01’ prov ide a ha si s fo r  de-
termi fling whether per t  ut’ I,t lIt t ’ I ‘a it~1t ’~pia N’ . I ill t i s , wh ether a crew should

be passed or fa i led ~~ ~ q i Vi 1 (‘11 51 i t t ’l I t ’P l  I , Most of the ‘a ta ndat’d ‘a , in

fact, imp ly the app 1 cat ion ~t mu It I p It ’ 1’ t t ’i ’ a dur I nq the eva I ua t I on of
a given obj ective. I ~ t’ examp It’ , diii’ Ill i t 1 day] inPi t bat t i e s  ight enqaqement
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the crew must not only open fire within five seconds, but must also fire
a subsequent round within five seconds (if needed) and obtain a target hit
within ten seconds. The failure to satisfy any one of these standards ,
therefore, amounts to i nadequate performance of the overall objective.*
In an analogous sense, armor cre~nen during the TCGST must demonstrate
their ability to assemble and replace the breechblock and to accomplish
this wi thin six minutes. No credit is received if the breechblock is as-
sembled but not replaced , or if it is assembled and replaced in seven in-
stead of six minutes .

Score Aggre~ ,,
tion. Application of the crew standards to rele-

vant hit and time data will generate pass and fail (or 1 and 0) scores
for each engagement. The next step is to aggregate these 28 individual
statements about the adequacy of crew performance into one suninary state-
ment about the crew ’s performance on the domain as a whole. The aggre-
gate or summary score would reflect the number of model Table V III en-
gagements passed (or failed ) and would be indicative of the proportion of

items the crew would succeed on had they been tested on the entire domain
of gunnery objectives . For example , if a crew equalled or exceeded the
specified performance standards on 21 out of 28 i tems, their performance
in the aggregate would be characterized as succeeding on 75% of the en-
gagements--both in the model table and in the larger domain.

However, a theoretically complex psychometric problem underlies
the aggregation of component scores. At issue is whether the individual
items or engagements measure the same construct , permitting a pooling or
aggregation which is logically meaningful. In the extreme, were no form

*Occasjonally, complaints are heard tha t this procedure is unduly strin-
gent. In suc h cases , however , the argument is rarely with the scoring
approach i tself. Instead , the various standards come under attack. In
those cases in which the standards have been arbitrarily set, this criti-
cism often turns out to be beneficial , resulting In needed refinements
and more realistic specification of what serves to distinguish acceptable
from unacceptabl e performance.
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of aggregation defensibl e, performance would have to be considered on an
item by item basis. Empirical procedures such as Rasch modeling (Wright ,
1967, Wright & Panchapakesan, 1969; Wright , 1977, and Steinheiser and
Epstein , in press) can be used to shed light on this issue by scaling
test items. These procedures, however , cannot be applied until a pro-
totype of the test has been used to generate data. They also require
large amounts of data obtained from repeated tests of the same ‘individ-
uals (or crews). Consequently, development of aggregation procedures
for the model Table V III proceeded on rationa l grounds.

-
‘ Two alternatives suggested themselves . The first assumes that

the domain which has been defined represents a single construct--tank
gunnery. It further assumes that i tems drawn from the domain and used
to comprise the model Table V II I can , by definition , be pooled to pro-
vide an estimate of performance in the domain at large based on a single
aggregate score. The USAARMS Table V III , although scoring performance
differently, shares this view and aggregates scores across engagements.
The second approach assumes that the domain can be divided i nto at least
two components of gunnery, one representing the main gun and the other

- - representing the machineguns. In this approach , a score would be aggre-
gated to represent each component, and crew competence would be evaluated
in terms of each. This latter approach is similar in many respects to
that used in the USAREIJR Table VI I I. Part scores are in essence calcu-
lated and evaluated against a level of competence specified separately for

-

‘ machinegun engagements (e.g., obtain hits on all of them) and main gun
engagements (e.g., obtain 7 out of 11 hits , etc.).

The second approach has been adopted for use with the model
Table V III since the underlying cluster analyses clearly identified two
distinct super-clusters--main gun an machinegun. Accord ingly, the per-
formance of each crew must be characterized in terms of the proportion

of the 13 maIn gun engagements which are conducted satisfactorily as well
as In terms of the proportion of 15 machinegun exercises which are per-
formed to standard . To qualify, a crew must demonstrate acceptabl e l evels
of proficiency on both of these two major components of the domain.
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Score Interpretation. We have indicated how speed and accuracy
data on any given engagement are compared to specified standards of per-
formance to determine whether the crew has succeeded on that i tem . The
question which now arises is how the two aggregate scores , which represent
the pooling of item successes and failures , are to be interpreted . Wha t
does a score of 80% of main gun engagements performed satisfactorily mean?
What criterion is used to evaluate such performance? In seeking an answer
to these questions , it is useful to keep a number of criterion-referenced
testing concepts in mind . The brief treatment given below is paraphrased
along lines developed extensively by Shaycoft (in press) and others

- -
~ (Kri ewall , 1972; Mi llm an , 1973; and Popham and Husek , 1969).

For each tank crew firing the model Table V ill there are two
scores (i.e., the percentages of m ain gun and machinegun test i tems

- I passed) and two levels of competence (i.e., the percentages of main gun
and machinegun engagements in the domain which the crew can perform to
standards). The test scores are used as estima tes of level of competence
in the domain , based on at least an assumed monotonic relation between
the two (e.g., the higher the crew ’s test score, the more i tems in the
domain they are believed to be capable of handling). Paralleling the
notions of score and level of competence are the concepts of standard of
competenc e and cutti ng score. The standard of competence is a standard
of prof i c i ency  which  is a r b i t r a r i l y set for a spec ified domain. In main
gun tank gunnery , for example , it is that degree of mastery of the main
gun portion of the domain which has been agreed upon as signif ying crew
qualification. For example , the standard of competence for main gun
qualification might be set at 100%, 90%, or at any other level of com-
petence in the domain. The cutting score is used operationally and is
expressed as the percentage of Table V III main gun items which must be
passed if one is to infer tha t the standard of competence has been reached
(in the domain).

Crew qualification should be based , therefore, on a comparison
of the crew ’s Table V III main gun and machinegun aggregate scores and the
established cutting scores. When the crew ’s score (e.g., 85~-) equals or
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exceeds the cutting score (e.g., 80%), the interpretation is that the
crew ’s level of competence equals or exceeds the standard of competence
which has been specified . Should their score (e.g., 85%) fall below the
cutting score (e.g., 90%), their level of competence would be interpreted
as falling below the indicated standard . As indicated earlier , both the
main gun and the machinegun cutting scores must be equalled or exceeded
in order for a crew to be deemed qualified .

Setting Standards and Cutting Scores. One of the most important
steps in implementing the scoring approach described above is setting the
standard of competence and cutting score. Unfortunately, guidel i nes to
aid in this process are few and far between. As Shaycoft (in press)
points out,

The standard of competence to be set is not a
function of the test itself but of the nature
of the subject-matter area covered [the domain]
and the purpose for which the test is being used
(p. 71).

- - 

Cognizant armor personnel must, therefore, come to grips with crew quali-
fication in terms of its implications for proficiency across the entire

domain of gunnery . For example , should the 70% criterion used in the
USAARMS Table VIII be formally adopted in the model Table VIII ? Can one
afford to count on crews, some of whom will hypothetically not be able to
deal with 30% of the engagements they undertake? Al ternatively, is a

standard of 100% too stringent? These issues bear directly on the choice
of a cutting score which , if equalled or exceeded , will support the in-
ference that the standard of competence has been met. Here again , a num-
ber of options are possible including setting the cutting score higher
than , lower than, or equal to the standard of competence. Resolution of
these issues is complex and requ ires consideration of the effects of test
length, level of competence, standard of competence, and cutting score on
the accuracy of qualification decisions.

Mistakes will occasionally be made when judging crews as quail-
fled or unqualified on the basis of their Table V III performance. Such
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mistakes are known as classification errors. They refer to the fact that
in some instances , because we are only deal i ng with a small sample of the
domair~, a crew may exceed the cutting score on the test by chance even
though their true level of competence or functioning in the domain is be-
low the standard . Such crews, who i nadvertently qualify , are known as
“false positives .” Alternatively, crews may perform below the test cut-
ting score by chance , when in fact , their true level of competence in the
domain exceeds the standard . These crews, who inadvertently fail to qualify ,
are known as “false negatives .” As severa l authors have indicated (i.e.,
Mil lman , 1973; Novick , & Lewis , 1974; Macready . Epstein , Steinheiser , &
Mirabe lla , 1976; and Steinheiser , & Snyder, 1976) the binomial model can
be used as an analytic aid to exam i ne the tradeoffs between test length ,
cutting score, level of crew competence and probable rate of misclassifi-
cation.

Test length has been fixed in the model Table V III , 13 i tems
su ’tporting the evaluation of main gun performance, and 15 items being
us _d to assess machinegun performance. At issue , therefore, are the mis- —

classification rates which result when different cutting scores are used .
These rates will vary as a function of the true levels of competence of
each of the crews being evalua ted . Consider the data presented in Table
11 which are the probabilities of misclassification error derived from the
binomial model . Each column is defined by a crew ’s true level of corn-
petence with respect to the gunnery domain. Each row represents a test of
given length , rang ing from five to 28, and an aggregate score (i.e., the
number of items correct) which would be needed to pass that test were the
cutoff set at a given level . Four cut-off values are shown ranging from
95% at the top of the table to 70% at the bottom of Table II.

The datum in any cel l formed by tie intersection of a column
and a row is the percentage of crews who would be misclassified . For
examp le , consider the data presented under the 95’~- cutting score section
(Part I) of Table 11 . Entries to the left of the vertica l line represent
the probabilities that crews, who although less competent than the 95’I~ level ,

would pass more than 95% of the items on the test, and thus would be in-
correctly judged as being at or above the 95% level of competence. They
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Table 11. Probability of Misclassification Error

True Level of Crew Competance
False

Test Pesslng False Positives Negatives
Length Score 50% 60% 70% 80% 90% 95’,,

1. Cutting Scar.: 28 27 — — — .02 .22 .41
Pass 95% of 25 24 — — — .03 .27 .36
Test Items

20 19 — — .01 .07 .39 .26
15 14 — .01 .04 .1 7 .55 .17

- 
- , 13 12 — .01 .06 .23 .62 .13

10 9 .01 .05 .15 .38 .74 .08
5 5 .03 .08 .17 .33 .59 .08

II. Cuttlng Score: 28 25 — — .02 .16 .31 .05
Pss~~~of 25 22 — — .03 .23 .24 .03
Testlt.ms

¶ 20 18 — — .04 
- 

.21 .32 .08
15 14 — .01 .04 

— 
.17 .45 .17

13 12 .01 .01 .06 .23 .37 .14
10 9 .01 .05 .15 .38 .26 .09
5 5 .03 .08 17 .33 .41 .23

Ill. Cutting Score: 28 22 — .03 .22 .32 .02 —

PSU 8O% Of 25 20 — .03 .19 .38 .03 —

Test Items
20 16 .01 .05 .24 .37 .04 —

15 12 .02 .09 .30 .35 .06 .01
13 10 .05 .17 .42 .25 .03 —

10 8 .06 .17 .38 .32 .07 .01
5 4 .19 .34 .53 .26 .08 .02

IV. Cutting Score: 28 20 .02 .15 .47 .09 .02 -

$ Pase of 25 18 .02 .15 .49 .11 — —

Test Items
20 14 .06 .25 .39 .09 — —

15 10 .15 .40 .28 .06 — —

13 9 .13 .35 .35 .10 .01 —

10 7 .17 .38 .35 .11 .01 —

5 4 .19 .34 .47 .26 .08 .02
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are false posit ives . Entri es to the right of the vertica l lines are the
probabilities that crews whose true levels of competence are 95% or great-
er would pass fewer than 95% of the test i tems, and thus would tie i ncor-
rectiy judged as being below the 95% level of competence.

From an examination of the rows of Table 11 corresponding to
the test lengths of each part of the model Table V III (i.e., 13 for the
main gun portion and 15 for the machinegun portion), it is clea r that
there is an uncomfortably high probability that crews will be misclassi-
fied , especially when their true level of competence lies just above,
just below, or precisely at the cutting score. For example , assume that
the standard of competence was specified as 95%, and the cutting score
set correspondingly at 95%. On the 13-item main gun portion of the model

$ Ta bl e V III, fully 13% of the crews whose true level of competence was pre-
cisely at the standard would fail to score highly enough to be deemed
qualified ; on the other hand , 62% of the crews whose true level of com-
petence was five percentage points below the cutting score would score
sufficiently high to be deemed qualified . These errors occur strictly by
chance , and it is impossible to identify in any real-life situation a
specific crew as a false positive or false negative. While expected mis-
classification rates decline rapidly as the true l evel of competence moves
farther from the cutting score, if many crews in the population have true
competences near the established standard of competence, as would be rea-
sonable to suspect, the overall rate of misclassification is likely to be
unacceptably high.

There are two ways within this kind of pass/fail scoring system
to manipulate the parameters of the binomial model in order to improve
the expected misclassif ication rates . The first is to increase the test
length ; it is generally the case tha t if appropriate cutting scores are

used, the overall probability of misclassification decreases, as test
l ength increases. Assuming that the model Table V III as proposed herein

is adopted , the only simple way of increasing the length is to administer
the entire table more than once. If modifications of the present model
table are to be considered , then the sampling fraction might be modified

1 ,
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to produce a larger sampl e of test i tems . In either of these cases , the
cost of administering the tabl e increases.

Another alternative which might be empl oyed to m itigate the
problem is to adopt a differ ent system of selecting cutting scores. Up
to this point it has been generally assum ed that the cutting score ought
to be selected to reflect (i.e., be equal or nearly equa l to) the stan-
dard of competence, and that a single cutting score will be employed to
reflect a single standard of competenc e. However , one may wor k from a
different direction entirely, that is , to begin with a consideration of
the consequences of various kind s of misclassification , and then to derive
various standards and cutting scores which min imize those consequences.
As will shortly be seen, this approach leads to a “red/amber/green,” or pass!

- I marg inal/fail scoring system rather than a pass/fail dichotomy . It will
be seen that such a system can be used to alleviate certain kinds of mis-
classification problems , and also may be highly congruent with the Army ’s
use of qualification information . This approach is developed -in the next
sec tion, which also considers the consequences of adopting such a rationale.

Determining Crew Qualification. In describing this approach an
arbitrary standard of competence must first be adopted , by which a crew
could definitely be judged qualified , e.g., 95%~* Thus , for any crew whose
true level of competence is 95% on the main gun portion of the domain and
on the machinegun portion of the domain , it could be l abel l ed “qualified”
with high confidence. The consequences of mislabelling such a crew would
seem to be high. For example , if a truly competent crew is labelled “un-

*Some will certainly argue that in a criterion-referenced test of this sort
a more proper standard of competence would be 100%. Certain practical
problems arise that make such a standard inappropriate and unfair. In
particular , random round-to-round dispersion produced by the main gun
weapon system will make perfect performance impossible to achieve in ma ny
c i rcumstances , even for 100% competent crews. A companion report (Finger-
man, 1977) discusses this problem in more detail , and explores methods of
adjusting the testing situation to make relatively high l evels of perfor-
mance (e.g., 95%) attai nable by highly competent crews. Without such ad-
jus~nents,even the 95% standard proposed here is impractical .
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qualified ” and sent for remedial training , that crew is no longer availabl e
for an appropriate job role (e.g., front-line duty). This line of reason-
ing suggests that a cutting score which minimizes the probability that a
truly qualified crew would be labell ed as unqualified would be desirable.
Examining the bottom portion of Table 11 , a crew whose true level of com-
petence is 95% or greater has less than a 1% chance of falling below a
cutting score of 70%, i.e., of failing to pass at least 70% of the items
on either a 13 or 15 i tem test; this probability is still about 1% for a
cutting score of 80%. If the cutting score is to be set so that the prob-
ability of misclassifying (failing ) a crew whose true level of compe-
tence is at least 95% (the standard of competence) is to be less than 1%,
the appropriate cutting scores are 9 out of 13 (or approx imately 70%) on
the main gun portion of the table , and 11 out of 15 (or approximately 73%)
on the rnachinegun portion accord i ng to the binomial model. In other words ,
fewer than 1% of the crews who are at or above 95% true competence will
pass less than 70% of the main gun exercises , and fewer than 1% will pass
less than 73% of the machinegun exercises . Since qualification demands
that both portions be satisfactoril y completed , a maximum of 2% of the
truly qualified crews would be incorrectly labelled as “unqualified ” if
these cutting scores were adopted .

This same argument can be applied in a slightly inverted fashion ,
that is , one might specify a standard of “incompetence.” In this case,

-
• a standard of 70% might be adopted ; the implication is that crews whose

true level of competence is at or below 70% can be confidently labelled
“unqualified .” Once aga i n, consider the consequences of rnisclassifica-
tion: the cost of i ncorrectly labelling a poor crew “qualified” could
be qu i te high (c.f. “I would not want  him protecting my flank .”) This
approach suggests selecting a cutting score which minimizes the probabil-
ity that a poor crew would be labelled as qualified by the model table.
Using the binomial model in this situation , fewer than 6% of crews whose
true level of competence was 70% or below would pass more than 12 out of
13 i tems (approximately 92%) on the main gun portion of the model table ,
and fewer than 4% of these crews would pass the machinegun portion with
a cutting score of 14 out of 15 (about 93%). In other words , if these
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cutting scores were adopted , one could be at least 90% confident that
crews whose true level of competence was less than 70% would not be
labelled as qualified . 

- 

—

These lines of argument generate two cutting scores for each
portion of the table, one designed to minimize the chance of labelling
a truly qualified crew as unqualified , and the other designed to mini-
mize the chance of labelling a truly poor crew as qualified . This leaves
the slightly ambiguous position depicted in Figure 2. Crews whose per-
formance places them in the upper third of the figure on both portions
of the table can be labelled as qualified , knowing in fact that the
chance is quite small that any such crew ’s true level of competence is
less than or equal to 70%. Crews falling in the lower third on either
portion of the model Table VI II can be labelled as unqualified , and in
fact very few crews with a true competence of 95% or above will be so

- 
- classified . Crews falling in the middle are , in some sense , in l imbo.

The central portion of the figure corresponds to the situation referred
to in statistics as the region in which “judgment is suspended ”. In the
simplest terms, one does not know enough about crews who perform in this
region to confidently label them either “qualified” or “unqualified .”
The lack of discr iminability for these crews derives from the problem
wi th which this section started : for tests of l engths such as have been
specified for the model Table V III , there are always high probabilities
of misclassification error for some true levels of competence. While the
three-category approach will allow many crews to be unambiguously cate-
gorized , one must remain uncertain about the rest. -

In this situation there are again at least two alternatives .
First , the crews who fall in the middle might be retested , effectively
doubling the test l ength. They would then be classified based on their
total performance, using a single cutting score with increased confidence.
As In the preceding discussion of increasing test length , the cost 1mph -
cations may make this approach undesirable. A second approach would be

to labe l the crews who fall in the middle “marginally qualified .”

The use of three classifications (I.e., qualified , marg i nally

qualified , unqualified) in connection with Table V III would certainly not

- -
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Main Gun Machinegun

QUALIFIED

l2 out of 13 
__________ - —  

l4o ut of 15

9 out o f l 3  l l out o f l 5

UNQUALIFIED

- -‘ I

Figure 2. Multiple cutting scores.
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be novel. “Red , amber , green ” scoring systems have a fairly long history
in applied testing , and , in fact, three designations are typically employed
with the current USAREUR Table VI II . The implications of assigning a crew
the designation “marginally qualified ” depend somewhat on what happens to
crews who are classified as “qualified” and “unqualified ” , and on the true
proficiency levels which actually are found among tank crews in the Army.

One way of dealing with the results of a qualification test
would be to assign “qualified” crews to normal duty assignment , and schedule
“unqualified ” crews for remedial training . In this case, treatment of
“marg inally qualified ” crews would depend on what estimates were available
about the true level of competence for most of the crews in this category.
Table 12 shows how crews wi th various true proficienc ies would be expected
to score accord ing to the binomial model and the cutting scores derived
above. The table shows that, for example , if one tested 100 crews with a
true level of competence of 50%, approximately 95 would pass nine or fewer
of the 13 m a i n  gun items , about  f i v e  wou l d  pass 10 or 11 , and none would
pass more than 11; if 100 90% crews were tested, they would distribute
approximately as 3, 35, and 62 respectively. Thus , the composition of the
middle category in actual administration of the model Table V III will de-
pend on the actual distribution of ski ll levels among the entire group of
crews which is tested. Consider the following examples :

1. Test 300 crews, 100 of whom have a true competence
level of 80%, 100 ha v e a t rue  competence l evel of 90% ,
and 100 are 95% proficient. The theore t ica l  outcome
of the main gun portion of the test is that 171 would
pass , 28 would fail , and 101 would fall in the middle.
The average true competence l evel of all crews tested
is 88.3%, and the average competence level of the
crews in the midd le classif icat ion is 85.54.

2. Test 300 crews , 100 of whom have a true com petence
level of 50%, 100 have a competence level of 60%, 50
are at the 70% level , 30 at 80%, 10 at 90%, and 10 at
95%. The predicted ou tcome for this group of 300 crews
is (approximately) 26 passes , 215 failures , and 59
crews in the middle. In this case, the average com-
petence level of all the tested crews is 62.5%, and the
average competence level of the crews in the middle cate-
gory would be about 701- . -
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Table 12. Expected Distributions On Each Portion Of The Model Table

Score and Category

• 
True Level � 9 1 (,—1 1 - � 12
of Crew Unqual ified Marginally Qualified

________________ 
Compe tence 

_____________ 
Qual ,f ,ed 

_____________

I. Main Gun 50% .95 .05 —

(l3 it ems ) - ________________ ________________ ________________

60% .83 .16 .01

70% .58 .36 .06
80% - .25 .52 .23

90% 
— 

.03 .35 .62~~~~~~

95% — .14 .86

� 1 1  12— 13 �14True Level
of Crew . Marginally
Competence Unquaf,fied Qualified Qualified

II. Machinegun 50% .98 .02 —

(15 items ) -_____________

60% .91 .08 .01

— - 
.70 .26 .04

80% 
-— 

.35 .48 .17

.06 .39 .55

__________  
~~~~~~~~~~ .1 .01 .16 .83
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The first example characterizes what would happen were the model
Table VIII administered to a population of tank crews which was fairly

- 
I proficient , while the second illustrates the outcome for a poorer group

of crews. The decision , for exampl e, to schedule “marg i nally qualified ”
crews for extensive remedial training as opposed to specific remedia l train-
ing on certain,often-failed , exercises (see the section on skill diagnosis ,
bel ow) or for some additional practice might thus be based on an estimate
of the true distribution of proficiency in the testee population. If the
crews are bel ieved to be fairly proficient , then most of those who fall
into the middle classification on Table VIII can be assumed to be fairly
proficient , and some practice will significantly improve their capabili-
ties; if, on the other hand , one is concerned that the average level of
competence is low , one might then conclude that crews label led “margin-
ally qualified” require additional training . Table VIII performance data
summed over an entire unit , for example , might be usefu l in est imat ing
the crew-population skill distribution.

Scoring Crew Qualification. With the three-category scheme for
determining crew qualification , the assignment of a particular designation
is straightforward . Tabl e 13 has been prepared using the standards and
cutting scores derived in the preced ing section to show the outcome for
various combinations of scores on the two portions of the Table VIII .
Crews who receive 12 or more points on the main gun portion (i .e., perform
12 or more exercises to the specified standards) and 14 or more points on
the machinegun portion , would be designa ted “qualified ” crews . Crews
which score nine or fewer points on the main gun portion or 11 or fewer
points on the machinegun port ion would be designated “unqua lified” . The
remainder of the possible score combinations would be associated with the
“marginally qualified ” designation . In other words, crews which “pass”
both portions of the test are qualified , crews which “fail” either portion
are unqualified , and crews whose scores fall into the middle category on
both portions of the test, or into the “pass ” catego~y on one portion and

- ,  the middle on the other portion are marg i nally qualified .

The introduction to this chapter made the point that the raw data
from Table VIII should be reta ined regardless of the particular scoring
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Table 13. Determining Crew Qualification

Number of Main Gun Exercises Performed to Standard

0 — 9  1 0 — 1 1  12 — 1 3

0 — 11 Unqualified Unqualified Unqualified

Number of
c~I~~~un 

12 — 13 Unqualified
to 9%s~~l~rd

t4 — 15 Unqualified Marginally Quafified
Oual,f~ed

Li 
- 

— —
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purposes and analyses which 1~re actually to be addressed . The same is
true of the “pass” and “fail” i nformation on each portion of the test.
While this information is only used as an intermediate step in scoring

-
‘ 

for crew qualifi cation , it may be of direct use when other purposes and
uses of Table V III information are considered (see the remaining sections
in this chapter).

One other point remains to be made with regard to scori ng for
crew qualification . The standards of competence (i.e., 95%) and “incom-
petence ” (i.e. , 70%) seem entirely justifiable to the staff of the present
project; however , circums tances may dictate that other standards be
adopted (c.f. footnote , p. 66) . It should be noted that the binomial

• - model may be reapplied to determine new cutting scores for each portion of
Tabl e VIII: the lower cutting score is selected such that crews who have
a true level of competence which equals or exceeds the standard of compe-
tence should have less than a 1% chance of “failing ” each part of the
table; the upper cutting score is selected such that crews which have a
true l evel of competence which equals or is less tha n the standard of
“incompetence ” should have less than a 5% chance of “passing ” each part.
Note also that, if the relative importance of false positives and/or false
negatives changes in the future , the probabilities employed in deriving
the cutting scores (i.e., 1% and 5%) may also be adjusted .

PREDICTION OF COMBAT EFFECTIVENESS )

Underly ing many military test and evaluation efforts is the
(usually) implicit assumption that the obtained data can provide estimates
of what may be expected in the way of performance in a combat env ironment.
Often , however , too much is expec ted either in terms of the accuracy and
validity of the predictions or the breadth and scope of the performance
involved . Such is the case with tank crews . Demonstration of proficiency
on Table V II I cannot be unequivocally translated into consequent effective-
ness in combat. The caveats surrounding such predictior~ arise for a
variety of reasons.
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Issues in Estimating Combat Effectiveness. First , and foremost,
there is the ubiquitous criterion probl em. Predictions of a crew ’s effec-
tiveness in combat can be readily made , but it is virtually impossible to
substantiate or validate them since the criterion effectiveness informa-
tion must be gathered in a combat environment. Nor is this mere hair
spl itting. The stresses, havoc , and chaos of actual combat presumably
can exert profound influences , of either a positive or negative nature,
on crew performance. If these pressures are absent or of a different
nature when the criter ion data are collected, there is no reason to be-
lieve that an accurate assessment has been or can be made.

A second problem concerns what aspects of tank crew performance
are subsumed under a concept as potentially broad as combat effectiveness.
Within the context of the current project , effectiveness presumably trans-
lates into the neutralization of targets which is accomplished within
specified standards of speed and accuracy . Effectiveness within this con-
text is essentially equivalent , therefore, to survival in combat -- to
neutralizing the target before one ’s own tank is “blown away” .

This raises the third problem . Whether a crew prevails in such
an engagement is , as we have seen, a function of more than their prof i-
ciency in marksmanship. Coolness under fire and the ability to make a
variety of sound tactical decisions will also strongly influence the
outcome. It is evident , therefore , tha t proficiency in marksmanship is
necessary but not sufficient for surviva l in combat. Having raised these
cavea ts, it is fair to say that the performance of crews on the model
Table VIII can , in a very limited sense, be used to predict their survival
in combat.

Scoring. The key issue in attempting to make predictions of
surviva l in combat lies in identifying those fami lies within the gunnery
domain which are particularly germane or of concern . Two criteria to use
in pinpointing these families are their criticality to survival and their
probability of occurrence. Cognizant armor personnel , considering en-
gagement conditions which are likely to exist within their own loca l areas
of operation , must apply the two criteria , selecting those i tems from the
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model Table V III on which the performance of crews should be scrutinized ,
while discarding the rest. For example , one area commander might , because
of the probable conditions in his area , and the missions which are most
likely to be assigned to his unit , focus on those exercises in the model
Table VII I which represent range-card-lay-to-direct-fire families. An-
other commander might discard those same families and focus instead on
precision SABOT/HEAT engagements.

Once the relevant engagements were designated , scoring of these
exercise s would be identical to the approach described for crew qualifi-
cation . Measures of crew speed and accuracy would be obta i ned and corn-
pared to the specified performance standards to determine success or fail-
ure on each engagement. These scores would then be aggregated over the
set of comba t-related engagements , and the proportion of combat-related
exercises which were performed up to standard would be an index of combat
effectiveness. If decisions about comba t effectiveness were to be cri-
terion-referenced , cutting scores would have to be selected using the same
procedures described above for qualification scoring . Such cutoff points
wou ld take into account the impact of system unreliability on decision
errors.

Crews who performed poorly or who failed to meet the cutting
score specified for the set of critical engagements would be predicted to
succumb in combat. The prediction would be based on their demonstrated
lack of skills necessary for survival. Ironically, predictions of sur-
vival would not be possible for crews performing all of the crit ical
exercises satisfactorily. At best one might indicate that they possessed
some of the ski l ls ( i .e . ,  marksmanship ski l ls)  particularly relevant to
or necessary for surv ival , and would out last crews who did not possess
such skills. It is interesting to note tha t either outcome is independent
of the crew qualification decision. A qualified crew might fail an ex-
erci se from a critical cluster while an unqual ified crew (with respect to

the domain as a whole) might be extraordinarily competent in one critical
aspect of gunnery . Both crews might be slated for remediation but their
training would focus on different regions of the domain.

- 76 - -



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ 
- - ~~~~~~~~

--
~~~~~~~~~~~~~~~~~~~~ -

SKILL DIAG NOSIS

Once crews have fired the model Table VIII , a number of questions
can be asked about their performance that are independent of qual if icat ion
decisions or predictions of surviva l in combat. For a given crew , for in-
stance, one would like to know on what engagements (or families of en-
gagements) the crew excels. Similarly , one would want to determine the
kinds of exercises or the portions of the gunnery domain on which the crew
experiences difficulty . In this latter case more detailed information
would be useful , espec ial ly if it indicated the particular parameter of
performance on which the crew was deficient (e.g., excessive ly long times
to f ire the first round ) and possibl e causes for the deficiency (e.g.,
relatively long target acquisition times).

The model Table V III is idea lly su ited to these diagnostic ap-
praisals of performance. This is so because emphasis during administra-
tion of the test is placed on collection of raw crew performance data
which are to be recorded and preserved to support a variety of analyses
and d~c isions. As a consequence it is possible to refer back to a given
enga~ement and retr ieve basic facts such as, for example , “a hit was not
sec~~ed,” or “t he time to fire the second round was three seconds. ” Other
sc~Ires are derived and used for different purposes but the basic perform-
ance data are kept intact.

Armed wi th basic measures of performance, which have neither
been transformed nor aggregated , it is possible to produce profiles of
a crew ’s performance which provide for differential diagnosis of skill.
By examining the peak s and va lleys in such a profile the unit comander
can , for instance, iso late specific facets of performance on which improve-
ment is required (e.g., time to fire the f irst round ) and the cond itions
under which practice is most likely to be beneficial for the crew (e.g.,
long range precision engagements).

Specification of remedial training is also possible for larger
command units by describing unit performance in terms of the same profiles.
When this is done , for Instance , it may become apparent that all (or most)

-77 - 
• 

I~~

— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ T~~~~~



—‘--

crews within a given battalion requ ire exces sive time to fire the first
round of extended-range , precision engagements. When summed over suffi-
ciently large numbers of crews, inputs of this type can be used to identify
segments of the entire armqr training program which may requ ire modification .
The ability to formulate specific remediation strategies which have payoff
wi ll depend on the aspects of gunnery performance that are monitored , and
how the results of the diagnostic analysis are communicated to the parties
concerned .

Performance Measures. In choosing a mix of measures which is to
be monitored for diagnostic significance , one has to decide how much data
he can afford to col lec t , s pecifically within the context of the model
Table VI II. Some promising measures (e.g., gun camera sight pictures )
may requ ire expensive instrumentation while others (e.g., crew coordina-
tion) may require one or more “on-board” observers , etc.

In the model Table VI II a variety of outcome and process measures
is readily available . Outcome measures , expressed in the form of raw data
(e.g., “on engagement #6 the time to get off the first round was 17 seconds ”)
or as deviations from a performance standard (e.g. , “first round time on
engagement ~r6 was seven seconds slower than permitted”), provide sympto-
matic information. On any given engagement one can establish which aspect
of the outcome was satisfactory or unsatisfactory , and , relative to per-
formance standards , determine how large a deviation existed . Outcome

— measures , therefore , can be used to pinpoint aspects of performance in
need of remediation . Process measures , on the other hand , address cause
and become of interest in potentially explaining why , for example , a given
crew was inordinately slow on engagement #6. Al though such measures can
be addressed in their own right (e.g.,”coninunication problems between the
driver and tank c ommander were evident in this crew ”), they usually assume
significance only when the outcome was unsatisfactory . In this case they
may provide insights into the kind of remedial training which is needed .

In the model Table VI I I , symptomatic information w il l be prov ided
by the outcome measures specified for use in scoring qualification. These
include hit -miss data , an indication of the rou nd with which a hit is ob-
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tam ed, and information about. the component times , specifically acquisi -
tion time , involved in an engagement . Severa l process measures might also
be used . The first , concerning use of terrain , would be formally scored
on each engagement by adopt ing the procedure current ly used in the USAARMS

Tab le VI II. A second measure , adopted from the USAREUR Table VI II would
indicate the order in which multipl e targets we re engaged and whether

that order was cons istent w ith relative target threat. A third measure
would focus on crew interact ion, and be scored by compar ing recorded
coniiiunication protocols to appropriate doctrine on conduct-of-fire and
crew coordination .

CREW MOTIVATION

In the past , interest in differentiating among crew s in terms
of their gunnery performance has led to the deve lopment of scor ing sys-
tems which facilitated such discriminations. In the USAARMS Table VII I a
point system is used which permits qualified crews (i.e., those scoring
1700 points or more) to be compared on relative grounds. Those crews
scoring between 1900 and 2000 points ( i.e., 90% or better) are designated
“Distinguished ” and awarded an “Expert ” badge; those scor ing 1800 to 1899
points (i.e., < 90% , ~ 80% ) are termed “Su perior ” and given a “Sharp-
shooter ” badge; and those scoring 1700 to 1799 points (i.e.<80%, -> 70%)
are referred to as “Qualified” and given a “Marksman ” badge. A two-cate-
gory system is used to differentiate among crews who qualify on the
USAREUR Table VII I.  Crews are designated as “green ” if , among other

-

• 
criteria , they achieve nine or more hits on 11 targets and “amber ” if they
get seven or eight hits.

Da ta obta ined from the model Table V I I I  can also be used to cate-
gorize or otherwise differentially reward qualified crews. A scoring sys-
tem for this purpose must satisfy two straightforward conditions. First ,
it obv iously must order crews in a manner whic h is consistent with the
basic crew-qualif ication decision. In other words , a ll qua lified crews

should score h i g h e r  than marg ina lly qua li f i e d  crews who shoul d score high-
er than unqualified crews . Second , the system must be sufficiently sensi-
t ive to distinguish among the performance of crews , a ll of whom have quali-
fled .

1: - 79-
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There are many scoring systems which could satisfy the two con-
straints mentioned above . For example , the point scori ng system current-
ly associated with the USAARMS Table V III might be adapted for this pur-
pose. For both the main gun and machinegun engagements, points would be
awarded using slidin g time scales . Points would also be awarded for

techn iqu e and effect  of machinegun f ire , for ammunition conservation , and
for appropriate use of terrain. Simpler alternative scoring systems might
also be considered which would be less demanding for the personnel who
would administer and score the test , while still being consistent with the
constraints. Among the simplest would be a system which awarded two points
to any crew which passed a ll of the main gun engagements ( i.e., 13 out of
13, where 12 out of 13 is required for qualif ication), and one point to

any crew wh ich passed all of the machinegun engagements (i.e., 15 out of
15, where 14 out of 15 is required for qualif ication). This system would
award “bonus points ” for performi ng better than is required for qualifi-
cation , and would weight main ç~tr i engagements more heavily than machine-
gun exercise s ; the point scores would range from one to three , and would
only be available to crews who had qualified . Other variants of this
scheme are obv ious.

Choice of one over another of these systems is largely an arbi-
trary matter, as is the specification of distinct levels of performance
(i.e ., number of points ) which would be differential ly recogn ized and

rewarded .* The rea l issue is whether such discriminations are truly use-
ful. In the criterion-referenced approach to crew qualification advocated

*“Arbj trary ” is not meant to imply “tr ivial” or “ inconsequential. ” The
design assumptions underlying the model Table V III simply provide no
special guidance with regard to such decisions . The choice of an ex-
isting method over a simpler one must be referred to Armor personnel
more familiar with the status of crew motivation and morale. The selec -
tion of spec if ic po int levels might be made by these same personnel ,
once some normative performance data on the model Tab le V I II have bee n
accumulated .
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• in this report , it may actually be counterproductive to force a distinction

among crews when all of them have met exceedingly high standards . An a)-
- ternative motivational device and reward system might instead be keyed to

the single fact of qualification. The point scoring system would then
-

- 
provide an informal but acceptable way of generating competition among
crews and representing their relative standings.
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IMPLEMFNTATION OF MODEL TABLE VI II

The steps invo lved in deve loping a model Tab le V I II tes t of
crew prof iciency tn tank gunnery have focused thus far on specification
of test items and elaboration of multi-purpose scoring procedures. This

• presentat ion would be incomplete without also discussing some of the is-
sues involved in implementation of the test. These considerations can
be character ized in terms of three broad topics. The first concerns the
layout of the testing facility needed to support the model Table V III.
The seco nd involves the actua l programming of the engagements which are
to be f ired, either as single targets or multiple-target arrays . The
third and fina l topic addresses the collection of quality data within

- 

- 
a standardized test format.

RANGE FACILITIES

Guidelines for preparing , organizing, and u s i n g  tan k gunnery
ranges are contained in FM 17-12 (1977) and wil l  not be repeated here .
These prescriptions detail the physical layouts and range control pro-
cedures which must be implemented to satisfy safety requirements and to
expedite processing of crews. Implementation of the model Ta ble VI II
involves a number of facil ity considerations in addition to these basic
concerns.

Physical Constraints. The model table is comprised of a series
of rather demanding engagements which tend to emphasize two conditions .
First, many targets are to be acqu ired, engaged and neutralized at rela-
t ively extended ranges , not only w ith respect to the weapon used , but
also in terms of the amount of actual terrain required . Second , numerous
engagements involve the use of moving targets and/or moving tanks . These
two factors , both singly and in combination , impose major burdens on the
physical test facility, particularly when , as has been as sumed thus far

in the report , firing is to be conducted with live ammunition.

Al though range facilit ies currently under development (e.g., at

Fort Knox ) seem adequate , other facilit ies on which variations of Table
VIII are currently fired may not be able to support specific exercises
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included in the model table. The primary restriction would probably be
range—to—target , a situation which led to imposition of the arbitrary
ceiling of 2500 meters on model Table V III engagements. If an existing
gunnery range must be used , and that facility cannot support long-range
engagements , a compromise must be reached . In this case , the ra nge

specified for the model engagement in question must be reduced t o a  shorter
distance , which is rti ll at or near the maximum for the facil ity . When
several such changes must be made , the recommendation would be to retain
a broad band of ranges , and to the extent poss ib l e , minimize the number

- 
•~ of prec ision engagements fired at battlesight ranges . Such deviation

from the ranges prescribed in the model Table VI II is not desirable and
should be kept to a minimum . It does , however , represent a practical and
acceptabl e so lution when limited facil it ies are available.

The compromise necessitated by an inability to implement moving
tank and/or moving target engagements is a much more complicated matter.
One can ’t simpl y substitu te a stationary-tank or stationary-target exer-
cise. The difference in the two situations is that changes in range don ’t
change the mix of behavioral elements underly ing crew performance. Cha nges
in tank or target motion do alter the nature and sequence of the behavioral
steps . Modificat ions of this type are , therefore, much more serious since
they fundamenta lly change the nature of the job object ive(s) being evalu-
a ted .

The key to the solut ion of this problem lies in performing be-
havioral element trade—off analyses of the type illustrated in Table 8.
Candida te substitutes are evaluated by determining wh ich elements are lost

and which are gained . Only on this basis is it really possible to deter-
mine what impact a change in exerc is es has , and consequentl y, whether the
candidate substitute should be used . When the engagement in question is
the sole representative of -.ne of the 16 clusters of obj ectives , or when

severa l engagements are problematic , changes in the general izabil ity index
should also be considered . The detailed job -obj ective descr iptions needed
to conduct these trade-off analyses have been reproduced and made avail-
able to the U.S. Army Armor School (Boldovici , Boycan , Finqerman & Wheaton ,

1977).
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Pop-Up Targets. A second considerat ion in implementation of
the mode 1 Tab le V III is the desirability of using pop-up targets to the
extent possible. An obvious advantage of such targets is that they can
facilitate evaluation of the crew ’ s target acquisition performance. Much
of the ambiguity is removed concerning the actual moment of target appear-
ance. It is reasonable to assume, therefore, that more accurate estimates
of acquisition time will be possible.

There is a second and perhaps more important advantage associ-

- 

• 

ated with the use of these kinds of targets in the n~ode1 Table VII I. It
stems not from the pop-up but rather from the knock-down feature . Scoring
of a target hit should be far less ambiguous than in the past when heavy
reliance ~as placed upon the judgment of one or more observers . Increased
accuracy in determining hits is extremely important in the model Table
VIII. A premium is placed on crew qualification, and , in order to qualify,
the crew must neutra lize essentially all the targets with which i t  is pre-
sented. As a consequence, there is no margin for error in determining a
target hit or miss.

Target Size. Traditionally, the size of many of the targets used
in tests of crew marksmanship has approximated the area presented by a tank’ s
turret when engaged frontally. Target panels based on this principle are
routinely used which measure approxima tely 2.3 by 2.3 meters. For testing
purposes one can question the use of such targets in engagements conducted
at both close and long ranges. Larger targets may provide better estimates
of cr ew marksmanship particularly for ranges in excess of 1,000- 1 ,200 meters.

At issue is the notion of weapon system reliability. For instance ,
as mentioned in FM 17-12-2 (1977),  dispersion effects are frequently noted ,
in which a round, for a variety of reasons , does not strike precise ly where
the weapon is aimed . This situation represents an unreasonable penal ty
wi th which crews must contend during qualif icat ion when shoot ing at rela-
tively small targets at l onger ranges . In spite of being layed precisely
on target, a miss may occur through no fault of the crew. Again , given

the stringent standard s for qualification in the model Table V III , it is
important tha t the effects of such s~ystem limitations be minimized .
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One way of doing co is to systematically regulate target size,
as a function of several parameters (e.g., engagement type, range). This
approach is feasible , although a number of logistical (e.g., need for new
targets) and psychometric (e.g. misclassification rates) issues would
have to be addressed . The psychometric issues are briefly explored in
a companion report, along with a preliminary examination of weapon system
l imitations on crew performance (Fingerman , 1977).

TARGET ARRA YS

The gunnery performance which the model Tabl e Viii has been de-
signed to address , namely marksmanship, consists of one portion of a

• larger domain of behavior . The other components of the domain , involving
a variety of situations and crew behaviors , consist of various forms of
tactical decision making . One of the most important of these, and one
which is not far removed from marksman ship per Se, is the engagement of
multiple targets.

When a multiple-target array is encountered the crew must first
prioritize all targets with respect to threat. This establishes the
sequence in which they will be engaged . The crew must then bring such
targets under fire, engaging them either sequentially, or if circum-
stances are appropriate , simul taneously. The question is the degree to
which such engagements can be practiced and evaluated within the context
of the model Table VIII.

The answer involves one overriding consideration. The Table
VIII described in this report has been expressly designed to provide
estimates of crew proficiency in marksmanship. During implementation
of the test, therefore, care must be taken not to jeopardize attainment
of this goal. Accord ingly, the programm i ng of sequential or simultan-
eous multi-target exercises must be judged in terms of how disruptive

they might be to the assessment of marksmanship ski ll. Analysis of the
situation suggests that sequential , multi -target engagements can be field-

ed during both the day and at night as well as within or across weapon
systems. Such engagements should be minimally disruptive. Taking the
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lead from the IJSAARMS and USAREUR Tabl e Viii’ s, several acceptable multi-
ple-target engagements might be constructed . For example, during the day-
l ight portion of the model table, the follow ing would be reasonable (c.f.,
Tables 9 and 10):

1) Combine main gun engagement #2 (gunner, HEAT ,
battleslght, on the move, against a frontal tank)
with machinegun engagement #3 (gunner, coax , In-
finity sight , on the move against a mov ing truck).
Note that , while the order of engagement is Im-
portant to assess decision making and/or to add
realism , the marksmanship performance for both
exercises , which Is of critical interest In the
model table, would be assessed without regard to
which target is taken under fire first.

2) Combine main gun engagement #5 (gunner, SABOT,
precision , mov ing-to-a-halt, against a tank) with
main gun engagement #2. As in the previous example ,
marksmanship performance would be scored indepen-
dently of the order in which targets were engaged ,
but a critique might point out that the nearer tank
should be engaged first.

The night portion of the table is also amenable to the use of sequential ,
multiple -target engagements. For example , the following might be con-

sidered :

1) Combine main gun engagement #4 (gunner, HEAT ,
battlesight , against a tank , from a stationa ry

position using infrared ) and machinegun engage-

ment #1 (gunner , coax , stationary against a mov-
ing truck , infrared). The ambush-type scenario

here should also be scored primaril y for marksman-

ship, but the presentation of two targets of differ-

ent threat allows examination of the tank coninander ’s

• tactical decision.
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2) Combine tank commander machinegun engage-
ments #8 and #9. This multipl e-target engage-
inent would i nvolve the tank commander engaging
a nearby aircraft using his infrared periscope
while mov ing to a halt , and then engaging a far-
away aircraft with flare illumination. Marks-
manship performance on the two engagements taken
separately is again of first priority in scoring
for the model table , but the exercises might gain
significantly in realism if presented in combin-
ation .

The judicious use of such exercises should be beneficial in training
crews and diagnosing tactically relevant performance, while not jeop-
ardizing the validity of the obta i ned data for scoring marksmanship
skill.

The inclusion of targets which are to be engaged simu l tan-
eously is open to more question because of the potentially greater dis-
ruption which such exercises may have on basic crew marksmanship tasks.
In particular , when the tank commander is firing the .50 caliber machine-
gun and the gunner simu l taneously is firing the main gun or coax, some
tank commander behaviors associated with the gunner ’s engagement may be
omitted (Miller & Hayes, 1976). It would seem prudent to provide for
simultaneous engagements elsewhere , perhaps during conduct of tables
concerned with section/platoon distribution of fire against numericall y
superior forces.

QUALITY CONTROL

While the foregoing are important considerations , this last
issue is crucial. Steps must be taken to administer the tabl e in a con-
sistent and standard i zed fashion , ensuring that al l crews, i nsofar as
possible , have been evaluated in terms of the same conditions and stan-
dards of performance. This requirement has implications for site-to-site
variations and for the personnel supporting the test at any given site .
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Test Standardizat on. Currently, area commanders can mod i fy
Table V III to suit local conditions. As a consequence , the crews qualify
by demonstrating their ability to perform different tasks , each set of
tasks being somewhat site-dependent. This variation in local implementa-
tion is not consistent with the purposes of the Table V III described in
this report. The model Table VIII assumes rigorously controlled cond i-
tions which are not changed because of site specific weather or mainten-
ance problems.

If rain precluded engagement of one of the targets at ~300 meters
• because of reduced visibility , the exercise would not be conducted at 700

meters where the target would presumably be distin ct. Such a change may ,
as already mentioned above , subtly change the nature of what is being mea-
sured . Similarly, when a crew experiences malfunctions , such as a gun
jamming , they would be permitted to fire the engagement they would other-
wise miss. Such retesting would take place even in those instances where
crew negligence or action directly contributed to the malfunction . The
model Table V III is not addressing such things as preventive maintenance.
The test is one of how well the crew can shoot when told wha t to shoot at
and how the target is to be engaged .

Implementation of this last requ i rement may be the single most
difficult aspect of putting the model table into practice. In order to
sample the gunnery domain adequately, crews would demonstrate proficiency
using different methods of engagement. For example , the tank commander
would fire some main gun engagements on his own ; the gunner would use back-
up methods , etc. The trick is to ensure that such engagements are actual-
ly performed by crews. How conformance with the requirements for each
exercise can be guaranteed is not readily appa rent. The most straight-
forward approach is to supply observers who certify tha t each engagement
is conducted in strict accordance with the specified scenario (i.e., the
tank commander actuall y does fire the round , or the gunner actually does
use the specified backup sight). Crews would not fire freely, wi thout

-88 -

—-



~
—

~~
--- . -

~
--- --- 

~~~~~~~~
-.

control of engagement mothod, since the resulting variation would serious-
ly weaken the overall test strategy, which is the sampl i ng of specific
conditions and behaviora l elements. The libera l use of test examiners/
observers therefore seems necessary.

Standardization of Procedure. The second step in assuring quali-
ty control Is to train test personnel to record speed measures, determine
target hit or miss , and to evaluate use of terraIn~ according to standard-
ized, systematic procedures~

Forma l training and checkou t of test administrators are essen-
tial if the obtained data are to be of sufficient quality to support the
qualification , motivation , and diagnostic functions of the model Table

Crew training in gunnery proceeds sequentially and is predicat-
ed on a building -block approach. Individual crew members first demon-
strate their ability to perform a number of tasks related to their specific
crew positions. Having demonstrated their individual proficiencies , the
next step is to weld the crew members into a highly skilled and proficient
team. One of the firs t opportunities for the team to demonstrate its
prowess is in performance of representative tasks comprising the domain
of gunnery marksmanship.

The present report has described the need for, and presented the
steps i nvolved in , developing a test instrument for use in assessing crew
gunnery proficiency . The test whi ch has emerged measures one facet of
gunnery and does so within the context of a broader training and evalu-
ation program. That is, once crews have demonstra ted their proficiency
in basic marksmanship, attention can turn to increasingly more sophisti-
cated kind~ of performance . These advanced skills , which i nvolve addi-
tiona l coord i nation within and among crews , are all fundamentally predi-

cated on the assumption that the crew can basically use Its weapons sys-
tens to neutralize targets.

The next phase of research in this project continues to focus
on the assessment of crew proficiency i n gunnery. However, the context
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in which such assessment occurs Is changed dramatically. Subsequent re-
search and development will determine the degree to which model Table V III
exercises of the kind recommended in this report can be used on a simu-
lated basis to obtain valid estimates of crew proficiency . Simulation-
based testing, as an al ternative to live-fire testing of Table VIII will ,
if feasib le , permit reallocation of scarce ammunition and range resources
to support development of more advanced tactica l crew and unit skills.
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APPENDIX A DOMAIN OF GUNNERY JOB OBJECTIVES

The following pages describe each of the 266 job objectives in
terms of the conditions under which each engagement occurs. They are boxed
into 16 groups as indicated by the cluster solution. Abbreviations used
for various conditions appear below:
Crew member:

TC = tank commander
Weapon :

MG = main gun COAX = coaxial machinegun (7 .62 mm)
CAL .50 = .50 calibe r cupola machinegun

Firing mode:
• BS = battlesight P = precision NP = non—precision

RC = range card RCLD = range card lay to direct fire

~~1 Firing vehicle and target motion:
S = stationary M = mov i ng MR = mov i ng to a halt

Target type:
ISV = thin-skinned vehicle INK = tank or heavy armored vehicle
LAV = light armored vehicle BKR = bunker
CREW = crew-served weapon AIR = aircraft
ALL = all targets

Target visibility :
VIS = visibl e VAL = visible with artificial illumination
NVIS = not v is ib le

Day or night:
0/N = day or night N = night

Fire control instrument:
GPO = gunner ’s daylight periscope GPI = gunner ’s infrared pen -

scope
TEL = gunner ’s tel escope INF = gunner ’s infinity sight
RFD = rangefinder , daylight RFI = rangefinder , infrared

• (metascope)
TPD = tank commander ’s day- AUX = auxiliary fire controls

light periscope
TPI = tank commander ’s infra-

red periscope
Ammunition:

SAB/ HEAT = Sabot or Heat COAX = 7.62 mm CAL .50 = .50 caliber
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CIU$t r NO. 1 ~ p.U I4F R MC. MS S S TNM FL *V VIS 0114 ).PO SA SIHUT (*600

10 t.1j14AI1 M(. MS S S TNK ILAV VAl . P. C.PI S A M F M A A V  (1000

V L U NNLM Ml. M S S S T~4 k /L*V M A P. Pp ~,P4) S A R I N A A T  (1600

1 .UM’4 *K M~. tIS I S S INK /LA M M I S  DIP. III. SAM/HE A T (1400

u ou’~
.
~~R M&. I~S S $ IN K/ L a M VA L P. TIP. S A M / H E A T  (1600

p 5 5 14 T N P J L A V  VI S u/N GPO SA M /HEAT (1b00

I, •pJ~~~~ P~~l MC. M S 5 IN K / L A M  MA P. N I.P I $AM/HA&7 (IJOO

p~ s ‘ IN K / L A M  VA t 7. uM O SAM/NE AT <1603

• 6 •.u~~~ • M” p15 S P T7.Il,’ LA V  M I I I  DIN IL L S A M/ H E A T  (1800

21 ~ 

• 
Mt. MS S P IN K / L A M  M AP  ~ UI S* M / . P L A T  u603

241 ..UN’4~~ Pt. P45 Mn S IN K / L A M  M I S  i/N GPO SAP /HEAT <160~)

~~7 t.uN~p $p. 15 MU S IN K / L A M  MA P. N IL L SAM/HEA T (1600

• 2a1 ..u .~~... Mt. M S MU S TNP./ LAV M I S  IN I L L  5A ~~/ HEAT  (1600

3 •.U’.’P~~~ • ‘I. ItS M $ IN K / LAM M I S  U /N GPO SA M / s P A T  <1600

Li ~~~~~~~~~~ I M .  145 14 II I N K / L A M  MA P 7. &P1 SAM / M EAT <1300

11 p.pJ f tP Mt. M5 1 I N K / L A M  M A P. N uPU SA M / s L A T  <16 00

4 p • 1 114LP M ( I~5 M S IN K / L A M  M I S  i)IN TL L S AM / H E A T  < 1600

*4  ~~J’4 1I~ MC. .4. M S T P p M / L A v  VA t N ILL SAM/ HEAT < 1600

55 M P IN K / L A M  M I S  
• 

0/N uPu SaM/HE AT (1600

tIP ~~~~~~ i*s M I N K / L A M  M A P .  F. G?I S A M / H E A T  <13 00

Id ~~~~~~~~~ MG IPS 14 M TNK/ L4v MA P. N GPO SA M / H E A r  (2600

p15 14 14 IP. ,t / L A V  M I S  i/N T tI. S A M / M E A T  (1600

20 .tJ NNEP ~~~. ~~ 14 14 TPP P~~IAV M AP N U I S6M ~ H E A T  (16)0

M(. ~5 MU S T N P . / L M V  V A t  N GPO SAM / HEAT (1600

24. j.,.~~p 7.5 MU S INK/LAM MA P. N t.P1 Sab114E&T (1000

245 t.U NNI P M~, -S 1411 P • I N K / L A M  M I S  P /N u PU SA M / H E A T  (1600

253 ..UP,N’~. 
14p~ .45 MU p TP.v. /tNM MAL N p..P( $*Mf I4PAT (1300

\ .54 • iNN ~~14 ~ • S P I N K / p A M  PA L . UP.) SAM /M EAT <1603

2 44 ..U PP’ l 14 . ~ M 4  P TNII /L A M M I S  j/N UI SAM/ H E A T  (1800

~~~ ~~~~~~ Ml. p 1 t  MM P I N K / L a M  MA P, j 7. TEL SA A / ,4LA T (1600

CIus~r No. 2 21 EL IN K / L A M  M I S  P / N  M I D  5 * 14 /HEAT (1800

25 T (  • . PS S S IN K /L A M  MA P. N RED SAM/ H EAT (1600

23 IC ‘ MS S 14 I N K / L A M  M I S  U/N NP)) SA IP FNEAT (1600

~9 T( M~ MS 5 M DpP/I *M VII N NED 544/51*1 (1600

2.3 IC ~‘ PS MU S IN K / L A M  M I S  LI /N MI- ) 5A11/P4I A T (160)

246 IC M~, Ml. 14 I N K / L A M  M I S  D/N M EL) S A M / N E A T  (1600

231  IC . .15 MU S INK /LA M VA L  N LI - LI SA M / H E A T  <*60 0

2~~6 IC ~~ . AS MM N I N K / L A M  MA P. N 1410 SA M /p lEA T <1600

42 IC ~ I ~ T~~p p / t A V  M I S  ~/ S Mlii SAIl/HE A T <Iu00

• 2— r (  85 14 P IN K / L A M  M I S  ii/P. M I D  SAI l /S LA T (1600

2 ? II M... 55 ~ S TN~ /L Av yA P.  N ~.IU 546/111* 1 (*800

ii IC Mp. M S _J J T N~ # L A M  VA& ~~~ . 
• 

j . 4 M I I S * A I P I E A Y  (1600
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cluster No. 3 3) ..tJ7.A IEM N... P 5 1. TNK/LA M M I S  LI/It GPO S A M/ H EA l  3— 4 400

• 41 .~J1i7.lN MG P S 5 INK /LAM VAL N GPO SAM/H EA l  3~ 4400

35 iu1iN p. R ~~.. P MH S IN K/L A M YES 0/N p,Pp) SA M/ M EA T 3—4430

4) • , U N 5 f M  MI. P MIl S IN K / L A y  
I 

M A L  N GPO S A M / H E A T

34 • .)UMNPM ML. P • I S • I N K / L A M  M I S  U /N T IP. S A M / M E A T  3-3200

• 42 GUNNER MG P S S INK / ta p V At II EE L SAM /HEAT 5- 2200

.31 3M. GPIN N P P L • P 1411 5 IN K / P A M  M I S  I ~~ TIP. S A M /M E A T  3- 1/00 1
• 

• 
4K ~ U N M L l  ‘~ :

• 

NH ) T N K / L A V  VA ) III IlL SAI l /ME AT 3-3/)0

• .0 t . t~~. ’,P l. H , • P MIl P I N K / p A p  t I c  L I P .  T E L  S A M /M E A T  5-3203

40 GJS N~ A M~ 1 MM K I N K / L A M  V A L  7. I L L  5*7. /HEA T 5-3/3 )

37 LU NNF M M ,, • 5 “ )N,./p*V y l s  0/N GPO SAM / H E A T  S- . MJ )

45 t.LJ7.51l. 14.. • P S N IN K / L A M  MAP. N GPO S A M / h E A T  5-..M0)

3M ~~~~~~ ~~ P NIl P 171K/LAM M I S  t . /1. GP.2 S A M / M E A T  ) - . K . ).)

4? .J N N t  A Pt. P M~ N I N K / L A M  M A P. N GPO SA M / M E A T  ,~ *..0

3d ~pj p5I • P 5 U TIIK /L&V M I S  U/N III S A I l / M E A T  5— 320 0

St. J5714 1.  P~~ P S P IN K / L A M  VA) S T E L S A P / M I A T  3 — 1 2 0 0

Cluster No.4 65 iC  14.. P I N K / L A M  M I S  ti / I. lI -U S A M /M E A T  3-4430

66 T (  p PIP S I N K / L A M  M I S  ))/P. .1(3 S A M / M E A T  1
67  It. M L. P S S TN K / L *V  MAP ‘. K ID SA I l / M EAT

81) T~ Kt. P Ml-, S TN K /L A v  VA ) N LI D SAM /HEAT S-4400

23 ?  IL Ml. I P 5 N T P.P / IAM M I S  U /N t f 0  S A N / M E A T  5—4400

is~ FL P • , P 5 N i N K / L A M  V A ) • N M PO S A M / H EA l  3— 44 00

ISM T I~ ~Ii~ ~ 114K/L A M M I S  P / N  kEG SA Il /HEAT S—.400

* 263 II Ml. 

- 
j J :i. I NK/ LAM V AL N RMI) SA M/HE * T 3 .4 )0

I t .’,
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• Cluster No. 5 ~., GUNNEII MG P S S M K R/ CA EW M IS 0/N GPO SEP 5—4400

SO GUNNER MG P S S 0KM /CRE W M I S  D/N tEL HIP 5—3200

51 GUNNE R MG P Ms S 8KM /CREW MI S 0/N GPO HIP 5—4400

52 GUNNER MG P NIl S ERR/C REW MI S 0/fl TEL NIP 5—1200

53 GUNNER MG P 5 S 6KM /CRIb . MA P. N GPO HIP 5—4400

54 GUNNER MG P S S 8KM/CREW YA P. N TEL HIP 5— 3200

55 GUNNER MG P MN S 8KM /CREW VAL Pd GPO sEP 5—4400

56 GUNNER MG P MM S BLIP /CREW M AL N TEL SEP 5—3200

• 51 GU NNER MG P S S TROOPS M IS DIN UP)) BEEHIVE 5—4400

SM GU NNER MG P S S TROOPS M IS U/N III. BEEHIVE 5—1200

59 GUNN€II MG P NH S YRCOPS MI S 0/N GPO BEE HIVE 5-4400

• 60 GUNNE R MG P MM S TRDDPS t’IS 0/P. TEL BEEHI VI 5—L200

61 GUNNER MG P S 5 TROUPS MAP. N GPO BEEHI VI 5-4400

• 
• 

62 GUNNER MG P S S TROOPS VAL N TEL BEEHIVE 5— 1200

63 GUNNER MG P MM S TROOPS MAP. N GPO BEEHIVE 5—4400

64 GUNNER Ml, P MM S TROOPS yA P. N TEL BEEHIVE 5—1200

26! GUNN ER MC. P S 7’ ISV M IS  D/N TEL SEP 5—1 830

262 GUNNIM MI. P NH M ISV MI S 0/N TEL SEP 5—1600

• 263 GUNNER MC. P 5 N TSV MA P . N TEL HIP 5—1600

• 264 GUNNER MU P MI-I P ISV VAL N TEL SEP 5—1600

265 GUNN E N ML , P S II ISV MI S 0/N GPO SEP 5—1600

266 GUNNER MG P MM N ISV M IS 0/N UP)) SEP 5—1600

267 ,UNNER MC, P S N ISV VAL N GPO SEP 5—1600

26d GUNNPU MG P Ms P~ ISV VA t N GPO SEP 5— 1 600

I 

• 

Cluster No.6 71 TC MG P S S 0KM /CREW VA t N RED SEP 5—440)

73 IC MU P 5 S THOOPS M I S 0/N RE)) BEEHIVE 5—4400

74 IC MG P HI-I 5 TROOPS VIS 0/N RED BEEH EVE 5—4400

73 IL MG P S S TROOPS M A P. N lIED BEEHIVE 5—4400

• 76 IC MG P MM S TROOPS VAL N Rf- O BEEHIVE 5—4400

269 IC MG P S 14 ISV M IS ti/N M M D  SEP 5-1600

270 IC MG P NH N ISV V I S  U/N RED PIER 5—1600

271 IC MG P S N TSV V A L N RED SLP 5—1 600

272 TC MG P NIl P TSV VAL N RED PIER 5—1 600

69 IC MG P 5 S 0KM /CREW M I S  0/N RED HIP 5—4400

70 IC MG P NH S lIA R/CRE W M I S  U /N RED SEP 5—4400

• 74 IC MG P NH S 0KM/ CREW MAP. N RED SEP 5—4400
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Cluster No. 7 ii l.UNNEI MC. RC S S ALL N V I S  li/N AU X I-SEP (4400

MS (tUNNI M MG M C III S S IIK II/CPE I. MAP. N GPO HIP (4400

M S GUNN E R M I. I-tIM S S BP. P/CR Ih VA ) N C.PI SEP (1300

Mb t.UiMNCP Mt. M C L I )  S S IPKP /CR FA MAP. N TE L HIP (3200

All ,IINNLM Hi M C L I )  S TRIPlE S VA ) N DPi) BEE S) VI (4400

MS GUNNI I’ Np . R C L U  S N IIl(i flP S VA ) N GPI M E E H I V E  • (3000

90 GUN NI P MG M C LI) S S IIIUUPS VAt P. T E L b EEHIVE (3200

21. G UNN L P ML. SlC LD S P TSV /CRES. MA P. N TEL HIP (1603

flK t.U NNI I- Mt. ICL O S P ISV/ C k I# VAL P. t,PI HIP (1)00

~ ?3 t U N M i V ML. kil l) S H ISV /C l . E l. MA ) N ,PU IMP (1600

• Cluster No. 8 PR P .U ;,NIM 
• 

lIt. P i l l )  S S T S R / L A y  VA) N GPO SAI l /SE AT (SsOJ

d l  ,IINNIK MG 11))) 5 II INII/ LAV PAL N TEL SA P/HEAl (4433

Ml G I I 1 4 N E i~ Ii, B i l l )  S N INK/LAY VA) . IV GPO SA M~ SFAT (4400

ISO GUNME N M t. ALL I) N 5 IN K / L A y  V A) N TEL SA Il/ HEAT (4400

714 ..IINNEP Mt. NiL)) S 5 IN K /LA y M AP. N UP I SAM / Pl EAT <1.300

IS/ GU NNE R M t .. LU ll S P I N K / L A M  M A) 71 GEl Sab /PILA I (1000

Ouster No. 9 92 II P wCi )i S S INK / )A V VA ) N KEU S A I l / H EA T  (4400

lJ~ IC P~~ PC Ll) S P I N K / L A M  VA L N KR)) S A R / M IA T  (4400

Cluster No. 10 94 T( Mt . [RC II ) S S 14 KM/Cl-Mb, (‘AL N MEL) SEP (4400

97 Vt . M t . .C ( O  5 5 TNIII1 PS VA) N Afi ) IIEEH( VE (4400

277 it. Mt . ‘IC L L 5 N I S V / C l - L W  VAL N NED (4t P (1800

Cluster No. 11 t c . u NNVR CURL .p 14 5 I/U PS M I S  I)/It UP)) CUA L (MOO

13~ L.JNN I- M C h A R  N P 14 S IPO (PPS V I S  1./N IN E C .JAL (900

13? GUNNEE Ccl .)L 7.4’ 14 S IP U II PS V I S  U /N TEL COAX (9.30

13~ GI INNI B C I L  N P 14 S IPU P S VA) 7, uP I C UAM (900

I III ~ UNN I LI PAT NP N S TRI IL1P S V A L N ( Pt) L IPAK (9.30

ISP .llN’4IW C ..IA * NP 11 5 TII I)LIPS VA P. N 1141 C OA L (9)0

1 40 ,P I N MEW LI AR NP N S TROp, P S MAP. N TE L COA l (900

129 GUN NEA C ’~A Z NP S S TROOPS M I S  (I/N VEt . COA X (900

136 (.UNIII P Ch A R tIP 5 S TROL IPS PAL N T EL COA X (900

12R G UN ME N CII~~ NP S S TR OOPS Y E S U/I. GPO COAX (903

p33 t.UNNLM C A M  NP S S I M l I P S  M A P .  N GPI COAX (900

13 4 GLINNIl I L i A R  N P S S IROIIPS MA P. N GPO CUA R (MOO

Pl O GUNN ER CI A X  N P S S IPCO PS P15 0/N I~4E CUA R <MOO

137 t.tJPMME R LOAM NP S S TR1 ~i PS VA) N INE CORK (900

104 GUNN E P Ch A R NP M S TSP MI S  0/lI IL L (OaR (900

_______ — continued on next peg. — — — _________ ________
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Clustsr No. 11 ) ) . .l l  M ’bI R I •~~A L  NP M S 155 V A t  P. T E L  COA L <91)0

(continued) los ~~~~~~ ~~ ~ MI S  1)/N t.~~ LUA L <MO O

I I I  • 1 N I L  
• A M  N P S ISV V At N GE l COAL (MOO

.10 
• 

11115 1 K  l~~~LK  NP I U ISV MA P .  N GPO C O A L  (9(30

• ION ‘7, I  U • ~ V M  NP 14 ‘, ISV V I S  Il/ It I~*7 (((AR 
• 

(14130

Il p S I  t R ~ NB U 5 V A t  5 1141 ((1AM (‘101)

. 5 1 1  V I  NP MN — I 5 p . / ( ~ ’ ) .  V I ’. li/Ps 1151 11 1AM •

I-’
, V . •s5(~ p A M  N P • 1471 “ I S V / P ‘.1k VL L  It IIIE COAL I (913 0

dl) • .5 1  K . V K 1~P NM N I S V / h  E l  I M I S  Il / N  I.Pi) h U R L

P
t • lK • • .‘. • M~~ I, NN N T S R / C U E s .  MA ) 1. GE E CUAX (MII I)

K M  Ml’ MI,1 I. I S V / C L E W  V A )  N ~ PtJ t t }A A

~~~ . ‘~ . ~~l’ 1471114 I M P / C R E W  ( ‘A)  I 79 IL l (p ~~A M  (‘MOO

5 5 1  P p i t  ~~~ 14,I~ P I S E /  ( A )  h V IS fl / I. T E L  C O A T (90(1

.77K I . 5111 1 . RI 
• 

NP 14711 S IS V  M IS 1)/N I E L  C I1A I (MOP)

.7M M .(I~sN 1 1 111 ‘tI’ UHI N ( S I. MA )  N T E L  ( P A R  <M OO

I I?  ..IINN( I ~ ~~ NP N M I S M~~C W 1 W  VI ’ . 0/N GPO (11AM (MOO

I~~S •,(l’IN’ p V A  1 N I’ T S R / C R E W  M A T 7, (~l~I (OAK (900

I/S  I l t I l  ~ V t  SI’ N N 1 S R/ t I l E W MAP. K. t.I’U LUA L tQ O O

1111 1 1 1 , 4 7 1 1  LV II ’ N P i SV / I  01W MI ’ . ( / N  INK L OAM (MOO

I ? ?  I N N  U I • R I  NP K’ ISV / I .  Il l s .  V M S  • N IKIE p . IRK 
• (900

II’ ,tl’.N, Il • I V A  ‘s ” S P T S V # C N I W  M I S  ‘It,. t.PI) ( (P AZ (141)0

121 .~
( ‘.5. l( LI Ri .1’ S U I SV~ CI4 t P M M )  N t.P I ( ( A M  <M Ol)

~~ MA  p.1’ ~ P T S R / I  I l k  V MS N ..PII t I l A R  (901)

116 . 155 K p. MM NI’ S P ISR/(Kt ~ VI ’ .  I’~ N P S I  I t I A M (900

I ( M A  NP S U T S R / C / S W  MAP N 1 (47 1 1 A M  (‘1130

t I R  p 5 5  b 1 
~ A l  NI I I I S V / C / l I t  V I M  (( IN V P )  ( l I A R  (91)0

1211 I I I’ lNI ~- I 7.1 NP’ 14 ~ V S A/iR E l. V A )  71 Il) (pIA I (MOO

.710 GIJ N’IKI ’ ( 4 ’  NI’ ~ ‘$ S T A R  M I S  • I /N  Pl) 1 1 1 A M  (900

/114 1. 1 4 5  ~ I ‘ V I  NI’ NIh 
I I ’M  MIM I 

I 
P p.l ’~ 

1 1 1 A M  (MOO

/15 .p I N N l  I ‘A l  NP • MN S T SR MAP. 
• 

N p. I’~~i • ( MA (930

5 ~~1” ~‘ N . ’ ~ ( A M  NI’ NIl ( S I. M I S  1 ,5 I’t I 1 0A M (931)

/ll ,’ 1 5 51 p . (4~ NP MIII S I S V  M AR N INS I l AM (91)0

I 
U NlI I t t  ~I • 5 5 IS A M I S  1 /N  (.1’ )) t . I ( AM (‘100

P0 7 ‘ (INNI II t ‘L V NI 
• 

S N ISV MA ) K. I I  I 1 1 1 A M  (MOO

P OE’ 1 .IINN I It • IlK ‘VP S N • I NE VA) N t.Pfi 1 1A M (900

10.7 .1 15511  h A M  p51’ I S V  M I S  ( ( ‘ P .  IN K ( ( ‘ A M  (‘900

1014 (.11 7151 K ( ‘ V I  Il’ S S ISV MA )  N IMP (11A M (900

%OI GIP INNI 1 I • ‘A ~ • l• S ‘. • I S A  M I S  Il/N II) 111 A M  (‘100

• 1011 1.11,451 N p. A l SI’ S I N I IS V  V A t  N T I )  1 1 1 A M  I sIp).)

P~~M I.(IP/NP’R ~~~A i  I NI S I- I S V / V I t o  M I’. f l /N III ( ( A M  (M OO

N I~ t M l  j ~P 5 N I N M / ( W ~~w VI I  N UP. I ( A K  (MOO

3 - 100 -
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Cluster No. 12 .701 GIIESN E I. ((JA R RL (U  S S ISV VA ) N ~PD COAX (9(3(3

20? GUNN I K (lIAR ECL I) S S ISV MA P. N ~ PI COAL (MOO

2 03 u)INNEP ( ‘ A X  R CP. O S S ISV VA ) N III COal (MOO

20* GUNNER ( ( (AM . 1 5 ( 1 )  S S I5~ VA ) N IN P COAX (‘MOO

• 2 08 1.LINPIEIT ( ( A X  R C I O  S P T S R / C R E W  PAL N J IIP COA l 
• 

( ‘900

• /09 GUPsME R L I A R  MCLI) 5 5 ( V I I I  P5 M A P .  N GPO LOAM (MOO

/10 ~UNNP~ Cl AM 11(1.0 5 S 1111 PM PAL N .,PI COAX <900

/11 G UN /SEW (f l AX 1 1 1 L 0  S S T R I PS VII. N T E L  (OA R (MOO

/1/ u (I.NPR C A l 11(10 S S Is I ( I (PS I V A )  N INI- CURl (‘1(30

205 ~ lN’1i(. L ,.AM (IT ))) I ~ N T SR /C H EW I MA P . N (.PI) C OAL (‘9)0

20 79 t.UN9I’~ L A M  Shi l l )  S N IS V/ C H E w  VA ). N l.PI ((JAR (9)0

• .707 GUNIV P ((A Z $ 1 ( p ( )  5 .1 ISV /CPI ~~ MA P. II T E L  COAX < ‘MOO

/00 GUNMII I) L IA R II( N S ISV L NM IS U/N RUM COAX (900

Cluster No. 13 14/ It (f laX NP S S TSM M I S  L)/l-1 Il l )) GUA M (900

141 IC ( ‘A M  II I-’ 14 S i S V  M I S  L I/N RI- fl CO A X (MOO

1 45 1.. (11AM ~~ I S TSR V A t  N RED COAL

Is’. IC LI AR NP S S ISV MA P .  N (II C O A X  (MOO

1 411 ii L I A R  (pP 14 S ISV VA t N 5111) COAX <900

141 IL ( A K  IN S’ 14 S i S V  VII P. 11 11 CO AX (‘930

psI IC C ,IAX 7,P 
I 
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APPENDIX B ADDITIONAL ASSUMPTIONS REGARDING WEAPONS , RANGING , FIRE CONTROL
INSTRUMENTS , FIRING VEHICLE AND TARGET MOTION , AND TARGET RANGE
FOR THE GENERATION OF THE TANK GUNNERY DOMAIN

ASSUMPTION S

Ranging

1. When firing using the range-card-lay-to-direct-fire mode, ranging is
required , regardless of range, once the target is illuminated with either
white light or illuminating shell ,

• 2. The Tank Commander wi ll not range on main gun targets at night using
the metascope attached to the rangefinder.

3. Ranging and tracking are right—handed operations for the Tank Com-
mander and cannot be performed at the same time. When firing from a mov-
ing vehicle or at a moving target, the Tank Commander is therefore not
ranging .

Weapon

‘I. When firing the coaxial machin egun in the battlesight mode, the Tank
Coninander w ill announce ‘Coax , Battlesight’1 in the ansiiunition element of
the fire comand .

2. When firing the coaxial machin egun , the Tan k Commander w il l es timate
range.

-‘ 

Fire Control Instrument

1. Although aim-off is only applied at ranges beyond 1 600 meters, aim-
off is considered a relevant task element to be included in those job ob-
jectives where the range given in the job objectives is either 500 to 3200
meters or 1100 to 3200 meters.

2. When the Tank Commander is firing the main gun because the gunner
cannot identify the target, the gunner is using the sight that is appro-
priate for the target engagement (i.e., periscope for SABOT or HEAT , tele- I 

-

scope for HEP or BEEHIVE ).
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Firing Vehicle Motion

1. Targets to be engaged using battlesight are engaged while the firing
vehicle is stationary , on the move , or from a brief halt.

2. Targets to be engaged using precision gunnery are engaged while the
firing vehicle is stationary , or has come to a brief halt.

3. Targets to be engaged using range card data are engaged from the
static position at which the range card was prepared.

4. When the Tank Commander is firing at a moving target using range card
lay to direct fire, he fires using the range indexed into the rangefinder.

Target Motion

1. Troops are considered to be stationary area targets for machinegun
engagements , while bunkers and crew-served weapons and light-armored
vehicles are considered stationary point targets.

Range

1. Because of difficulties in ranging , ma i n gun engagements occur at
ranges > 500 meters.

• 2. The coax machinegun ranges are < 900 meters.

3. Infrared engagements are conducted at a range of < 1000 meters be-

tween the target and the firing vehicle (and the target and illuminatin g

vehicle).

4. The ranges for battlesight HEAT engagements are < 1100 meters.

5. Beehive precision engagements are fired at ranges < 1200 meters .

6. The ranges for battlesight SABOT engagements are < 1600 meters.

7. The ranges for caliber .50 engagements with the IC periscope and non-
aircraft targets are restricted to < 1600 meters.

- 

I -“
j
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8. HEP engagements of moving targets are limited to ranges < 1600 meters.

9. The ranges for caliber .50 engagements with the TC periscope and air-
craft targets are restricted to < 2300 meters .

10. Gunner periscope precision and RCLDF engagements can be fired at ranges
< 4400 meters .

11 . Telescope precision engagements can be fired at ranges < 3200 meters .

12. Telescope RCDLF SABOT/HEA T engagements can be fired at ranges < 4400
meters.

13. Rangefinder engagements can be fired at ranges < 4400 meters.

14. Night engagements are fired with white-li ght or flares at ranges <

1600 meters and flares at ranges < 4400 meters .

- 1 07=
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APPENDIX C BEHAVIORAL ELEMENTS (STEPS) USED TO DESCRIBE TANK GUNNERY
JOB OBJECTIVES

BEHAVIORAL ELEMENTS - DESCRIPTIVE LABELS

Tank Commander Elements

1 IC ANNOUNCES “GUNNER”
*2 IC ANNOUNCES “GUNNER , DIRECT FIRE”
3 TC ANNOUNCES “CALIBER FIFTY”
4 IC PLACES CALIBE R FIFTY SAFETY IN FIRE POSITION
5 IC PLACES CALIBER FIFTY SELECTOR IN HIGH RATE OF FIRE POSITION

‘.1 6 IC ANNOUNCES “BATTLESI GHT”
7 IC ANNOUNCES “SABOT” OR “HEAT”
8 IC ANNOUNCES “HEP”
9 IC ANNOUNCES “BEEHIVE TIME ”
10 IC ANNOUNCES “AREA FIRE” OR “ONE , TWO ROUNDS, HEP”
11 TC ANNOUNCES “ Y NDEX HEP , FIRE SABOT” OR “INDEX HEP, FIRE HEAT ”

- 
- 12 IC ANNOUNCES “COAX ”

*13 IC ANNOUNCES “WHITELIGHT”
14 IC ANNOUNCES “REDLIGHT”
15 TC LAYS GUN FOR DIRECTION
16 IC ANNOUNCES “ INDEX HEP , FIRE BEEHIVE” OR “BEEHIVE , TIME”
17 IC INDEXES RANGE INTO RANGEFINDER
18 IC ANNOUNCES TARGET DESCRIPTION
19 IC ANNOUNCES “MOVING”
20 IC ANNOUNCES “DRIVER , STOP ”

21 IC RANGES
• 22 IC ANNOUNCES RANGE

23 IC ANNOUNCES DEFLECTION
24 IC VERIFYS DEFLECTION READBACK
25 IC ANNOUNCES QUADRANT ELEVATION
26 TC VERIFYS QUADRANT ELEVATION READBACK
27 IC LAYS CROSSHAIR AT CENTER OF BASE OF TARGET
28 IC LAYS CROSSHAIR AT CENTER OF TARGET VULNERABILITY
29 IC APPLIES AIM-OFF (RANGE >1600 METERS)
30 IC APPLIES LEAD IN DIRECTION OF OWN GUN TRAVERSE

31 IC APPLIES LEAD IN DIRECTION OF TARGET APPARENT MOTION
32 IC LAYS CROSSHAIR LEADLINE AT CENTER OF BASE OF TARGET
33 IC LAYS RANGELINE AT CENTER OF TARGET VULNERA~ILIIY
34 IC LAYS RANGELINE LEADLINE AT CENTER OF TARGET VULNERABILITY
35 TC ANNOUNCES “FIRE” OR “AT MY COMMAND FIRE”
36 TC ANNOUNCES “FROM MY POSITION”
37 IC MAKES FINAL PRECISE LAY
38 IC TIMES SHOT
39 IC ANNOUNCES “ON THE WAY ”

-

‘ 40 IC FIRES MAIN GUN

* Not currently used . 
-. 

— --.— — .
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Tank Commander Elements (Cont’d.)

41 TC FIRES COAX
42 TC FIRES CALIBER FIFTY
43 IC LAYS CROSSHAIR LEADLINE A1~ CENTER OF TARGET VULNERABILITY

• 44 IC ADJUSTS CALIBER FIFTY MACHINEGUN BURST FOR POINT TARGETS
45 IC ADJUSTS CALIBER FIFTY MACHINEGUN BURST FOR AREA TARGETS
46 IC ADJUSTS COAXIAL MACHINEGUN BURST FOR POINT TARGETS
47 IC ADJUSIS COAXIAL MACHINEGUN BURSI FOR AREA TARGETS

- 

- 

48 IC FIRES CONTINUOUS BURST Al AIRCRAFT TARGETS
49 IC TURNS RANGEFINDER RETICLE SIGHT ON
50 IC ESTIMATES RANGE

51 IC ADDS 5 MILS ELEVATION (RANGE > 400 METERS)
52 IC LAYS COAX FOR DIRECIION ON EDGE OF TARGET
53 IC TURNS INFRARED SIGHT ON
54 IC LAYS M85 FOR DIRECTION ON EDGE OF TARGET

Gunner Elements

55 GUNNER TURNS ON TURRET POWER
56 GUNNER TURNS ON MAIN GUN SWITCH
57 GUNNER TURNS ON COAX SWITCH
58 GUNNER INDEXES HEP
59 GUNNER INDEXES APERS
60 GUNNER SELECTS SABOT OR HEAT RETICLE
61 GUNNER SELECTS HEP RETICLE
62 GUNNER ANNOU NCES “IDENTIFIED”
63 GUNNER ANNOUNCES “CANNOT IDENTIFY ”
64 GUNNER TRAVERSES TO ANNOUNCED DEFLECTION

65 GUNNER READS BACK DEFLECTION
66 GUNNER INDEXES ANNOUNCED QUADRANT ELEVATION
67 GUNNER READS BACK QUADRANT ELEVATION
68 GUNNER LEVELS BUBBLE
69 GUNNER REINDEXES SABOT OR HEAT
70 GUNNER REINDEXES BEEHIVE
71 GUNNER LAYS CROSSHA IR AT CENTER OF BASE OF TARGET
72 GUNNER LAY S RANGEL INE AT CENTER OF BASE OF TARGET
73 GUNNER LAYS CROSSHAIR AT CENTER OF TARGET VULNERABILITY
74 GUNNER LAYS RANGELINE AT CENTER OF TARGET VULNERABILITY
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Gunner Elements (Cont’d .)

75 GUNNER APPLIES AIM-OFF (RANGE ‘1600 METERS )
76 GUNNER LAYS CIRCLE RETICLE AT CENTER OF TARGET
77 GUNNER APPLIES LEAD IN DIRECTION OF OWN GUN TRAVERSE
78 GUNNER APPLIES LEAD IN DIRECTION OF TARGET APPARENT MOTION
79 GUNNER LAYS CROSS HAIR LEADLINE AT CENTER OF BASE OF TARGET
80 GUNNER LAYS RANGELINE LEADLINE AT CENTER OF &SE OF TARGET
81 GUNNER LAYS CROSSHAIR LEADLINE AT CENTER OF TARGET VULNERABILITY
82 GUNNER LAYS RANGELINE LEADLINE AT CENTER OF TARGET VULNERABILITY
83 GUNNER LAYS CIRCLE RETICLE AT INTERPOLATED LEAD POINT FOR TARGET
84 GUNNER MAKES FINAL PRECISE LAY

85 GUNNER TIMES SHOT
• 

- 86 GUNNER ANNOUNCES “ON THE WAY ”
87 GUNNER FIRES MAIN GUN
88 GUNNER FIRES COAX
89 GUNNER ADJUSTS COAXIAL MACHINEGUN BURST FOR POINT TARGETS
90 GUNNER ADJUSTS COAXIAL MACHINEGUN BURST FOR AREA TARGETS

4 91 GUNNER ANNOUNCES “SABOT INDEXED” OR “HEAT INDEXED” OR “BEEHIVE
INDEXED ”

92 GUNNER TURNS INFRARED SIGHT ON
93 GUNNER ADDS 5 MILS ELEVATION (RANGE ~ 4OO METERS )
94 GUNNER LAYS COAX FOR DIRECTION ON EDGE OF TARGET

Driver Elements

95 DRIVER MAINTAINS STEADY RATE OF SPEED
96 DRIVER MANEUVERS TANK FOR FIRiNG
97 DRIVER ANNOUNCES ADVERSE TERRAIN CONDITIONS
98 DRIVER MOVES TO HULL DOWN FIRING POSITiON

‘5 99 DRIVER BRINGS TANK TO A SMOOTH GRADUAL HALT
100 DRIVER BRAKES

Loader Elements

101 LOADER UNLOCKS AMMO READY RACK
102 LOADER SELECTS SABOT OR HEAT
103 LOADER SELECTS HEP
104 LOADER SELECTS BEEHIVE
105 LOADER UNLOADS MAIN GUN

• 106 LOADER LOADS MAIN GUN
107 LOADER PLACES MAIN GUN SAFETY IN FIRE POSITION

— 1 1 1 —
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Loader Elements (Cont’d.)

108 LOADER PLACES COAX SAFETY IN FIRE POSITION -

109 LOADER ANNOUNCES “UP”
110 LOADER ANNOUNCES “HEP, UP”
11 1 LOADER ANNOUNCES “BEEHIVE , UP”

• 11 2 LOADER SETS BEEHIVE FUZE SETTING TO ANNOUNCED RANGE
113 LOADER STOWS ROUND
11 4 LOADER MOVES 10 POSITION FOR OBSERVATI ON

I ,  

‘

~;. -s 
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APPENDIX D METHOD OF CLUSTER ANALYZING THE JOB -OBJECTIVE /BEHAVIORAL-ELEMENT
DATA M A T R I X

Unl ike many more familiar analytical techniques which are based
on a genera l statistica l model , cluster ana lysis is defined algorithmi c-

ally. Algorithms are employed for two phases of the analysis. Firs t, an
al gorithm must be selected for measuring the distance between rows of the

matrix (in the present case, job objectives) as a function of the columns
-

- 

(behavioral elements). Second , an al gor i thm mus t be chosen for joining
similar objectives into families , and parti tioning dissimilar ones .

The selection of a distance algorithm is often difficult in

cluster ana lysis, but was trivial in the present instance. The objec-

tive-element matrix contained only “ l ’ s and “O” ’s, a case in wh ich i t
can be shown , with few exceptions , that all common distance measures
reduce to a single measure . Thus , the decision was made to use the inverse
of the simple ma tching coeff ici ent (SMC), one of the simplest varian ts of
this coninon distance measure.

The SMC measured behaviora l similarity in the present anal yses in

terms of the proportion of elements which were identical between each
pair of objectives. Thu s, for two objectives which had exactly the same

values (1 or 0) on 20 out of the 114 elements , the inter-objective simi-

larit y was 20/114 or .175 , and the inter-objective distance was 1.O- .l75 = .825.

The selection of a joining algorithm was more difficult. Corn-

• monly used algorithms begin by joining the two closest (or identical) ob-

jectives into a single cluster. The next closest objective is then ex-

amined ; if close enough to the first two (as defined by an arbitrary dis-

tance threshold), it is added to the clus ter (a process called amalgama-

tion); if not, it forms the seed of a new cluster. This process continues

unti l all objectives have been examined once, and have been partitioned

into many small clusters . The algorithm then passes through the data

again , wit h a larger distance threshold , this time clustering the many

small clusters into larger ones. The process goes through a number of

• cycles until all objectives have been amalgamated into one large cluster.
Tracing the amalgamation process provides i nformation on just how large

the distances were between each pair of clusters before they were joined .
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During this examination of the cluster solution or “tree” , the analyst
typically chooses a critical inter-cluster distance (or more than one for
different regions of the data matrix) at which to anchor his interpreta-
tion of the solution; the set of clusters thus defined would be used to
describe a stratification of the original matrix. When such clusters are
inspected, one will find that the pattern of elements from objectives
within a given cluster will always be more similar or homogeneous than
the pattern of elements from objectives chosen across clusters . More

:~ 
wi ll be said about interpretation later in this appendix.

- , The type of comon algorithm described above is referred to as
- ‘  a direct joining algorithm , and has often been employed by numerica l

- - 
taxonomists . Recently, however, a series of difficulties with such
algorithms have been pointed out, especially when employed with the kind
of data of concern in this project (Hartigan , 1972). As one example , the
SMC gives equal weight to each behaviora l element, and the direct joining
algorithm depends on and demands this equivalence in order to accomplish
the amalgamat ion of objectives. However, in the present case such equal
weighting implies that each behavioral element is equally important in
determining performance of a job objective, and that each contributes
equally to the generalizabi lity of performance. Consider as an example
the following two sets of elements :

Set l Set 2
IC announces “Gunner” . IC lays gun for direction .
TC announces “SABOI” . IC ranges.
IC announces target description . IC indexes range into rangefinder .

When the three elements on the right are compared to the three on the left
in terms of relative complexity , it is clear they should not be considered
equivalent in their contribution to job objective performance. The fact
is that a fire command , composec of the kinds of elements listed on the
left, is always given for every engagement; and the skills i nvolved in
these individual pieces of the coma rxi are just not of the same magnitude
as the skills involved in the perceptua l and motor operations listed on
the right. In cases like these where differential weighting of the ele-

7’
- 114 -

~1 .A 
_ _



~~~~~~~~~~~~~~~~~~~~ - ‘:~~~~‘~~~
‘
~~~~--- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

ments titay be of potential value , Hartigan recommends retaining the SMC
data , in lieu of tryi ng to subjectively weight the elements ab initio ,
and employing other joining algorithms which differentially weight ele-
ments during the amalgamation process.

Another example of the difficulties surround i ng use of the di-
rect joining algor i thm is the required assumption of orthogonality among
the columns (behaviora l elements) of the matrix. This does nut rule out
empirical correlations among elements across objectives , but rather logical
correlations . The abil ity to meet this assumption seemed questionable in
the present case, since certain crew procedures reflected in severa l of

4 the job objectives involved some elements which had to occur together if
they occurred at all. As an example , consider elements 95 and 96 (see
Appendix C). During a mov i ng engagement, the driver always “maintains
a s teady rate of speed ” and “maneuvers the tank for firing .” This relation-
ship is not merely fortu i tous , but is required logically by the task; thus
the assumption of orthogonality is violated for at least these two elements.

In order to dea l effectively with the kinds of problems described

above , Harti gan (1972) has proposed the use of a new algorithm known as the

two-way direc t joining algorithm or the block clustering algorithm . While
this al gorithm is still based on the SMC distance measure , it clusters both

rows and columns of the data matrix simultaneously, using the SMC distanc e

between objectives to cluster objectives , and the distance between variables

(defined as the proportion of objectives which incl’ide each pair of ele-

ments) to cluster behaviora l elements. The key point is that as the analysis

proceeds , the clustering of job objectives ceases to depend on distances

derived from consideration of in dividua l elements ; rather , distance among

objectives is expressed in terms of the proportion of clusters of elements

which are shared among objectives. This sol ves the weighting pro blem dis-

cussed earlier, since elements which are highly intercorrelated form clus-
ters which are then used to measure inter-objective distances . Thu s, the
three behavioral elements of a fire command , which were discussed above,

might form a cluster , in which case inter-objective distances would be
based on a composite element defined for the complete fire command . The
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composite element would receive a weight equal to single elements which ,
at least in that stage of the analysis , retained their ind i vidual identi-

ties . The equa l weighting of a cluster of three elements and a single
element effectively triples the importance of the single element.

A second advantage is tha t the assumption of orthogonality is
not required by the two-way algorithm , since dependencies are identified

as elements are clustered , and only clusters of elements (where the

clusters are orthogonal) are used in defining the clusters of job objec-
tives.

An added advantage of the two-way direct joining algorithm is
that interpretation is relatively straightforward since each cluster of
objectives is defined directly on clusters of behavioral characteristics.
Not only is interpretation direct , but when the element clusters defining
clusters of objectives are at definite variance with the analyst ’s judg-
ment, ad hoc adjustments to the solution can be made which are more public

and replicab le than are adjustments based on other algor ithms .
• 

- The actual program used to implement the two-way joining algo-
rithm was BMDP3M from the Biomedica l Computer Programs package (Dixon ,
1975). This specific program speeds up the two-way joining process by
choosing a single job objective to represent each cluster of objectives
resulting from a given pass through the data ; similarly, a single element
is used to represent each new element cluster . Objectives and elements

singled out in th is fashion are referred to as l eaders (or as pass leaders,

since some leaders from preced i ng passes are dropped when the clusters

they represent are joined to another cluster wi th an established leader).

This specific implementation of the two-way direct joining
algorithm is not without some potential difficulties of its own . For

example , the cluster partition is not always invariant under various re-

orderings of the input data (e.g., the first objective will always be a

• leader), and clusters among objectives which are input first will always
be larger , since they get the first chance at cluster membe ,-ship (Hartigan ,
1975, pp 77—78). 

-
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These weaknesses are partially offset by ai.~ding a reordering of
the data matrix as the first step in the analysis. For each element, the
value which occurs more frequently (0 or 1) Is found, and the elements are
ordered according to these frequencies. For each job objective , the num-

ber of elements whose values are moda l are counted (i.e., if an element
takes on the value “1” for 50 objectives in the domain , and the va lue “0”
for 216 objectIves, its moda l value is “0”), and objectives are ordered
by this count. After this bivariate reordering Is complete , frequently

- 
- occurring data values tend to lie in the upper left corner of the matrix

(DIxon , 1975).

• In summary , both major types of joining al gorithms had potential
• 

- 

weaknesses. Since no computer program of the exact type desired was avail-
abl e, and since , to the knowledge of the project staff neither approach

• had ever been employed for the kind of requirements at hand in the pre-
sent project, preliminary analyses were performed using both algorithms .
(The direc t joining solution was obtained using program BMDP2M, D ixon ,
1975). Based on the small but important differences between the outcomes
of these preliminary studies , the two-way algorithm was selected for the
actual partitioning of the job objectives into homogeneous families .

A series of two-way cluster analyses was performed . Each analy-
sis differed primarily in the size of the threshold distances used to
determine when two objecti ves (or task elements) should be placed within
the same clus ter or kept apart. As menti oned before, with each pass
through the data these threshold distances were automatically increased
so that eventually all objectives were joined into a single large cluster.
During these analyses it was discovered that mani pulating the size of the

threshold increments could affect the course of clustering , specifically
the degree to which clusters in later passes would be formed of simple

clus ters from earlier passes . Since the hierarchical nature of cluster
formation is critical to the interpretation process, it was necessary to
manipulate the Increment In threshold distances until the hierarchical

trees had the simplest possible structure.
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In the solution which was finally adopted , clusters which formed
first differed by at most one element; these clusters were then joined when

• they differed by at most two elements ; and so on , until a series of clusters
had been formed which differed by seven or fewer behaviora l elements. At
this point larger steps were used (approximately six elements per step)
until the process was complete. The resulting output was a tree diagram
with highly similar job objectives nearest to one another at the base, and
the clusters and thresholds at which amalgamation occurred appearing as
branches of the tree. This tree diagram formed the basis for the definition
of families of objectives .

It will be useful to consider in detail an example of how the
resulting output was interpreted . Figure D-l presents that portion of the

• overall solution which consists of all .50 caliber job objectives. On the
left side of the diagram each engagement is described by its number and by
its general characteristics , such as tank motion and target type. The
clustering tree produced by the program appears on the right side of the
diagram . Numbers found on the tree indicate the threshold distances (in
terms of proportion of identical el ements) at which each joining of clusters
occurred . The italicized symbols (i.e., a,--- , i) accompany i ng each amalga-
mation are for purposes of reference in the discussion which follows .

The threshold distance values in Figure 0-1 correspond to the
distances among the job objectives included in the branches of the tree.
For exampl e, consider the group of objectives included in the branch label-
led a (job objective numbers 303, 321 , 300, 236, 317 , 315 , 222, and 234).
The value next to the a indicates that these eight job objectives form a
cluster when the cluster distance threshold (i.e., the distance between
each objective in the cluster) is .082. This value is derived by consider-
ing the proportion of elements which differ between each pair of objectives
in the cluster; in this instance they have different (1 or 0) values on

9.4 (on the average) elements (9.4/114 = .082). Similarly, the cluster

• labelled a is made up of subclusters , one of which includes objectives

303, 321 , 300, and 236; the average distance among these four objectives
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Figure D~1. Tree~clustering diagram for .50 caliber objectives.
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is .053, indicating that they differ on an average of 6.0 elements. In
all cases relatively small clusters with relatively small inter-objective
distances form at the earliest branches of the tree (farthest left), and
are ama lgamated into larger clusters as the thresholds allow for greater
distances between objectives. It -is clear , therefore, that the early
clus ters are more homogeneous , and that one sacrifices homogeneity or
similarity-of-behavioral-elements among objectives when attempting to re-
duce the number of clusters to a manageabl e size.

The entire group of .50 caliber objectives coalesces into a
single cluster when the inter-objective threshold -is relaxed to .219.
This corresponds to an (approximate) average of 89 elements in common
between all pairs of .50 caliber objectives . Further , since non- .5O
caliber objectives are not included in this cluster , one may argue that .
all .50 caliber objectives are more similar to one another than they are
to any other kind of job objective. When the threshold distance is fur-
ther relaxed to a .274, the super cluster of .50 caliber exercises is
amalgamated with all coax and most main gun battlesight job objectives.
This hierarchical relationship indicates that the group of .50 caliber
objectives could well be treated as a homogeneous subsample taken from a
more heterogeneous domain.

By examining the details of Figure 0—l i t  is possible to uncover
the finer structure of this part of the cluster solution , and to deter-
mine if smaller subsets of the .50 caliber tasks should be broken out
before sampling takes place. For exampl e, it will be noted that the two
clusters labelled a and b consist of exercises which are fired with the
Tank Commander ’s infrared periscope (TPI), while the clusters labelled
C through f consist of exercises which are all fired with the Tank Comand-

er ’s dayl ight periscope (TPD). These clusters may be further subdivided
on the basis of tank motion and target type (primarily aircraft vs. non-

a ircraft targets ).  Recall , however , that while the cluster structure is -

•

being interpreted and described in terms of the objective descriptors listed

In the figure, the cluster analysis was actually performed on the much

more detailed behavio ral elements or steps required by each objective.

— 
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Thus, the tree-clustering diagram in Figure D-l indicates that when one
uses the infrared periscope instead of the daylight periscope , the pattern
..f behaviors involved changes ; and this change is in some sense more signi-
ficant than the change which occurs when one faces a moving target instead
of a stationary target. In other words, it is assumed that TPI engagements
are relatively poorer predictors of TPO engagements than are moving target
engagements of stationary target engagements . Thus , there is a potential
gain in predictive accuracy if the .50 caliber cluster is broken down into
t~~ components defined by TPI and TPO obj ectives . There is somewhat less
benefit in any further breakdown by motion or target type.

- I 
The decision of when to stop subdividing clusters depends ulti-

mately on practical constraints (e.g., the test should include at least
one item from each cluster , so test length becomes important). The smaller
clusters are certainly more homogeneous , as indicated by the smaller dis—
tance thresholds in the figure , but for a given cost a point of diminishing
returns can usually be identified .

Referring once again to Fi gure D-1 , one will notice that the seven
job objectives at the bottom of the figure in cluster ~ do not follow the
pattern described in the preced ing paragraphs (i.e., division between TPI
and TPD objectives). If this last cluster is an artifact of the specific
clustering solution used , it must be corrected for ad hoc before interpre-
tation of the cluster structure is finalized . Recall tha t the two—wa y

0 joining algor i thm used in these analyses surmounts the element weight
problem by clustering objectives and elements simultaneously. As already
indicated , however , this particular procedure is somewhat sensitive to the
order in which the data are entered , and to particular combinations of
rarely occurring elements. The program used in this study rotates the
data ma trix using a frequency criterion before the clustering process be-
gins , and this exacerbates the problem of sensitivity to rarely occurring
elements. Thus, one side effect of the rotation process is an occasiona l
dIvision of a homogeneous cluster into two pieces , where the second piece
(In this case cluster y) is characterized by objectives which involve corn- —

blnatlons of infrequent elements. In this instance, the elements assoc iated 
-

•

J
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with the combi nation of relacively infrequent aircraft targets, mov i ng
targets, and firing vehicles moving -to-a-halt produce the “outl ier”
cluster at the bottom of the figure . Notice that while this cluster is
broken off from the rest of the .50 caliber engagements , it is itself
divided as the rest are, into a TPI and a TPD cluster .

The decision of whether or not to integrate outlier components
such as cluster ~ into other clusters requ ires the analyst to examine the
underlying clusters of elements. In our example , the simple fact that
there are fewer ways to engage aircraft targets than other kinds of
targets may have produced the anomaly as an artifact of the algorithm.
Since the two-way algorithm defines clusters directly on the elements in-
volved , it is possible to examine unusual branches of this sort in the
clustering tree to determine which anomalies are artifactual and to adjust
them appropriately on an ad hoc basis. When the elements were examined in
this case, it was found that the TPI engagements in cluster ~ were highly
homogeneous with the other TPI engagements , and similarly the TPD engage-
ments in ~ were very similar to those above , so the cluster structure for
.50 caliber engagements was defined as having but two components--one
containing all TPI objectives , and one containing all TPD objectives .
This kind of ad hoc adjustment is often required in interpreting cluster
analyses (Hartigan , 1975).

Finally, it should be noted that one final constraint was placed
on interpretation of the cluster solution provided by the two-way joining

algorithm . Although many of the prima ry conditions of engagement were

differentiated quite clearly (e.g., by weapon , method of engagement ,

amunition , etc.) the solution was occasionally insensitive to the crew
member firing . For exampl e, in the case of coax and main gun exercises
there were clear distinctions in the solution as a function of ammunition
and method of engagement, but occasiona l ly gunner and tank commander
exerci ses were ama lgamated as the threshold increased . Specifically, gun-
ner and tank commander coax exercises amalgama ted before coax exercises in
general amalgama ted with the rest of the domain , and , similarly, gunner
and tank commander battlesight and precision main gun engagements amalga-
mated across the person firing before they amalgamated across method of
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engagement. This is not surprising from the behavioral element point of
view since, for given types of engagements, the activities performed by
crew members are similar regardless of who actually fires the weapon.
However, whi le the behav ioral elements are s imil ar , there is no reason
that the performance of two distinct individuals should be similar.
Thus, for test ing purposes it was necessary to brea k the doma in across
the person firing (i.e., across gunner and tank commander) when the
solution did not do so automatically. Had the gunnery domain been ex-

- - pressly analyzed for other purposes, such as generation of a new train-
ing program, the IC-gunner split possibly would not have received such

-
i 

emphasis.

~~1.
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APPENDIX E DERIVAT ION OF GENERAL IZAB ILITY INDEX

Consider the hypotnetica l family of objectives in Table E-l .
This family consists of 10 objectives whose specific characteristics
are defined in terms of eight behaviora l elements. The largest number
of elements involved in a single objective is six (out of the eight ele-
ments which are involved in the cluster at all). Three objectives (1,
4, and 10) have six out of the eight elements. Using the simple fre-
quency approach one would select either objective 1 , 4, or 10 to repre-
sent the family. Note, however , that some elements seem to be more
characteristic of the family than others; for example , Element 8 is in-
volved in all ten objectives in the cluster , while Element 3 is involved

• in only one. The cluster is defined in terms of those elements which
most regularly occur across the cluster , and those elements may there-

4 fore be considered the most characteristic or representative. In other
words, it is assumed that elements which have a high frequency across the
cluster would account for a great deal of the performance variability
which would result were all objectives in the cluster tested. Such ele-
ments therefore are most important in terms of general izability of the
unique performance aspects across the cluster. The row at the bottom of
the tabl e, labelled F-i , represents the number of times each element i
occurs in the c l uster , and represents an appropriate weight accord ing to
the argument above. Comparing the three job objectives 1 , 4, and 10, it
can be seen that while Objectives 1 and 4 both involve Element 1 , Objec-
tive 10 does not, and , while Objective 10 involves Element 3, Objectives
1 and 4 do not. However , Element 1 occurs nine times in the cluster,
while Element 3 occurs only once; therefore, it is relatively more im-

- I portant to represent Element 1 than Element 3 in that objective which is to
be sampled as the test item.

Using this weight to generate an index of generalizabil ity is
quite straightforward . For each objective, simply add the weights (Fi )
associated with each element contained in the objective. For example,
this i ndex, denoted ~ F~, turns out to be 45 for Objective 1 (9+5+7+7+7+10),

44 for Objective 4, and 37 for Objective 10; the difference between 10 and
the other two is largely because ‘f the absence of Element 1 in Objective

10. 
_________
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Table E.1. DATA MATRIX FOR A HYPOTHETICAL CLUSTER
OF JOB OBJECTIVES

Job Behavioral  Element s
Ob iec t ive
N u m b e r  1 2 3 4 5 6 7 8

1 1 1 0 1 1 0 1 1

2 1 0 0 1 0 1 0 1

3 1 1 0 0 1 0 1 1

4 1 0 0 1 1 1 1 1

5 1 0 0 1 1 0 1 1

6 1 0 0 1 0 1 1 1

7 1 1 0 0 0 1 1 1

8 1 0 0 0 1 0 0 1

9 1 1 0 1~~~~ 1 0 0 1

10 0 1 1 1 1 0 1 1

- 

F 9 5 1 7 10

D 14 2OO
~~~

5O 5O 5O 5 50 50
-

~~~~ 

- 

.64 .03 .02 .14 .i4~~~.80~~~~4 .20

F~~~ 5.76~ .15 
t .02 ~ 

.98 
~
.98
~~~
a2r98 2
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While use of F as a weight is attractive , another aspect of
the data matrix must also be considered . Clearly, the more frequently
an element occurs across the entire domain (D), the more frequently it
will occur in any randomly selected cluster. To the extent that an ele-
ment is frequent in a particular cluster and infrequent in the domain , it
is even more important that such an el ement be represented in items selec-
ted for testing , since such elements describe behaviors which are unique
to the particular kinds of engagements represented ~n the cluster . The

- 

-
- ratio F/D reflects this uniqueness. At one extreme all occurrences

of an element across the domain 
~~~ 

might be found in a single cluster ,
yielding a ratio of 1.0. At the other extreme an element which is widel y
represented in the domain might not be found in a particular cluster,
produc ing a ratio of 0.0. The domain frequencies and the F 11D ratios are
presented in Table E-1 for the hypothetica l case. Using the ratio as a
weight, an index of cluster-unique generalizabi lity may be derived for each
objective by calculating F~/D~ for each element value (1 or 0) within a
given objective and add i ng the products ; this ind ex is denoted

Both of the weights described above had merit , so it was decided
that they should be combined for actual sampling purposes . The combination
was accomplished by multiplying the two weights together , i.e. , F

~ 
x

or F.2/D.. This composite weight was then used to derive an index for each
task by add ing together the F. ID. values for each element involved in the
task; this index was denoted ~ F~ /D~

. Tabl e E-2 presents the three index
values for each of the job objectives in the hypothetical cluster .

-~~
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Table E.2. JOB OBJECTIVE INDEX VALUES FOR A
HYPOTHETICAL CLUSTER

Job Oblect ive 
EF~~

/D
1 EF

2
/D.

1 45 1.29 I 10.85

2 
— 

30 1 
- 
1.78 11.94

__-
3 38 1.15 9.87

4 44 2.06 T 13.9o
5 40 1.26 10.70
6 37 1.92 12.92
7 35 1.81 12.09
8 26 .98 8.74

9 38 1.15 9.87

10 37 .67 5.11
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APPEN DIX F CANDIDAT i GUNNER MAIN GU~ UUJL C )IV E S ANI COMU INAI IONS Di I NGA (LMLNTS

Table F.1. CANDIDATE GUNNER MAIN GUN ENGAGEMENTS ’
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Table F-2

C~14BINAT I0NS OF GUNNER MAIN GUN ENGAGEMENTS

Combination Gunner Main Gun Objectives

1. 83 89 244 10 3 40 43 262 63
2. 83 89 244 10 3 40 43 264 59
3. 83 89 244 10 3 48 35 262 63
4. 83 89 244 10 3 48 35 264 59
5. 83 89 244 13 1 40 43 262 63

• 6. 83 89 244 13 1 40 43 264 59
7. 83 89 244 13 1 48 35 262 63
8. 83 89 244 13 1 48 35 264 59
9. 83 89 252 1 3 40 43 262 63

-~ I 10. 83 89 252 1 3 40 43 264 59
11. 83 89 252 1 3 48 35 262 63
12. 83 89 252 1 3 48 35 264 59

-~~~~~ 13. 83 89 244 10 3 40 35 262 63
14. 83 89 244 10 3 40 35 264 59
15. 83 89 244 10 3 40 43 262 59
16. 83 89 244 10 3 48 35 262 59
17. 83 89 244 13 1 40 35 262 63
18. 83 89 244 13 1 40 35 264 59
19. 83 89 244 13 1 40 43 262 59
20. 83 89 244 13 1 48 35 262 59
21. 83 89 252 1 3 40 35 262 63

- 

I 22. 83 89 252 1 3 40 35 264 59
23. 83 89 252 1 3 40 43 262 59
24. 83 89 252 1 3 48 35 262 59

‘
I
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